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Following the development of modern portfolio theory and equilibrium valuation theories such 
as capital asset pricing model (CAPM) and arbitrage pricing theory (APT) in mainstream 
finance, a number of studies have examined the risk-return performance and pricing of real 
estate in the macroeconomic context. Additionally, recognizing that certain risk factors might 
change over time, some studies have considered time variations in returns and risk premia. 
This area of research has greatly enhanced investors’ understanding of the possible 
relationship between real estate performance and various macroeconomic factors and is 
especially meaningful when real estate is a significant asset of a nation’s economy such as in 
USA, UK and many developed economies in Asian countries. 
 
With the increasing importance of listed property company shares in Asia and internationally, 
considerable attention has been given to examining various aspects of this type of indirect 
property investment vehicle. Given the increasing level of international investment in Asian 
property companies in recent years, it is timely to investigate the macroeconomic driving 
forces of excess returns on property stocks in established markets such as Hong Kong, Japan, 
and Singapore. 
 
As an extension of previous work, this research seeks to provide an alternative perspective on 
the dynamic relationship between property stock market and macroeconomy by examining 
whether the expected risk premium on property stocks in Hong Kong, Singapore and two well-
developed markets of Japan and UK could be linked to the conditional volatilities of a set of 
principal components derived from six chosen macroeconomic variables. This research uses 
monthly indices for the four property stock markets from May 1986 to March 2003. Six 
macroeconomic variables are chosen as joint proxy of macroeconomic condition for each 
market. They are: growth in gross domestic product (GDPG), industrial production growth 
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(INDPG), unexpected inflation (UINFL), interest rate (INTR), money supply growth (M2G), 
and changes in exchange rate (XCHG). Three econometric techniques are involved in this 
research: Principal Component Analysis (PCA), Generalized Autoregressive Conditional 
Heteroskedasticity  (GARCH) model and Generalized Method of Moments (GMM) estimator. 
The final results suggest that the expected risk premiums on property stocks of the four 
markets are time varying and dynamically linked to the conditional volatilities of the 
macroeconomic factors. In addition, the conditional variance of property stock excess returns 
is also time varying and related in a predictable way to the conditional variances and 
conditional covariances of the macroeconomic factors.     
 
The findings of this research have useful implications. For international investors who need to 
understand the links between securitized property market and the marcoeconomy, this research 
uncovers the linkages and provides some dynamics about the structure of the relationships 
between excess returns and macroeconomic risks of property stocks. This can be very useful to 
institutional investors and portfolio managers interested in global asset market that includes 
Asian securitized property markets such as Hong Kong, Japan, and Singapore. Additionally 
policy makers may play a role in influencing the expected risk premium on securitized 
property markets through the use of macroeconomic policy.  
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CHAPTER ONE   INTRODUCTION 
 
 
1.1   Background 
 
Following the development of modern portfolio theory and equilibrium valuation theories such 
as the Capital Asset Pricing Model (CAPM) and the Arbitrage Pricing Theory (APT) in 
mainstream finance, a number of studies have examined the risk-return performance and 
pricing of real estate in the macroeconomic context. Using the APT, Chen, Roll and Ross 
(1986) show that economic variables do indeed have systematic effects on stock market returns. 
Macroeconomic variables become risk factors in stock markets and multifactor model seeks to 
measure the risk premia attached to these various risk factors and further to assess whether 
they are significantly “priced” into stock market returns. Employing multifactor formulation, 
many studies have investigated the impacts of macroeconomic factors on property market and 
securitized property market1. Additionally, recognizing that certain risk factors might change 
over time, studies such as Ling and Naranjo (1997) and Mei and Hu (2000) have considered 
time variations in returns and risk premia. This area of research has greatly enhanced 
investors’ understanding of the possible relationship between real estate performance and 
various macroeconomic factors and is especially meaningful when real estate is a significant 
asset of a nation’s economy such as in the USA, the UK and many developed economies in 
Asian countries. 
 
In addition to direct investment in real estate, there are two common types of indirect or 
securitized property investment vehicles available to investors. The first type is property 
investment trusts, mainly known as Real Estate Investment Trusts (REITs) in the USA and List 
Property Trusts (LPTs) in Australia. The second type of securitized real estate investment, 
popularly known in markets such as UK, Hong Kong and Singapore, consists of shares of 
                                                 
1 Please refer to Chapter 2-“Literature Review”. 
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property companies quoted on a stock exchange. Property company share (property stock) is a 
special class of stocks. It is a specific instrument for real estate investment because of its 
comovements with the overall stock market and its attributes transferred from real estate 
market. Containing information both from the real estate market and stock market, property 
stock seems to have much more advantages over the physical real estate investment. It is 
characterized as much more liquid and easier to construct investment portfolios than the direct 
real estate investment. Besides, property stock is different from REITs or LPTs in their 
attributes and specific regulations. 
  
Listed property companies have become an increasingly important property investment vehicle 
in Asia and internationally. With recent studies highlighting the portfolio diversification 
benefits of including listed property in a mixed-asset portfolio (Conover et al., 2002; Steiner 
and Crowe, 2001), considerable attention has been given to examining various aspects of 
property company performance in Asia and in specific countries. However, compared with the 
studies of REITs, literature of behaviours of excess returns on Asian property stocks is 
relatively lacked. This study fills the gap and contributes to strengthening the understanding of 
time-varying excess return on property stocks. Furthermore, given the increasing level of 
international investment in Asian property companies in recent years, it is timely to investigate 
the macroeconomic drivers of excess returns on property stocks in established markets such as 
Hong Kong, Japan, and Singapore. Due to the extensive attention on property company shares, 
there has been a growing trend for investors to consider macroeconomic conditions in 
evaluation of their property stock investments. The extent to which macroeconomic factors 
impact on property stock return and volatility has profound implications for Asian market 
development and management, in terms of the ability of macroeconomic policy to regulate the 
market.  
 
As an extension of previous work, this research seeks to provide an alternative perspective on 
the dynamic relations between property stock market and the macroeconomy by examining 
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whether the expected risk premium on property stocks in Hong Kong, Singapore and two well-
developed markets of Japan and UK could be linked to the conditional volatilities of a set of 
principal components derived from six chosen macroeconomic variables. For international 
investors who need to understand the links between securitized property market and the 
marcoeconomy, this research will uncover the linkages and provide some dynamics about the 
structure of the relationships between excess returns and macroeconomic risks of property 
stocks. This can be very useful to institutional investors and portfolio managers interested in 
global asset market that includes Asian securitized property markets such as Hong Kong, 
Japan, and Singapore. Additionally policy makers may play a role in influencing the expected 
risk premium on securitized property markets through the use of macroeconomic policy.  
 
 
1.2   Research Objective and Scope 
 
The main objective of this study is to provide an in-depth empirical investigation into the 
dynamic relations between securitized property markets and macroeconomic risks using the 
Hong Kong, Japan, Singapore and UK data over the period from 1986 to 2003. Specifically, 
this study seeks to: 
 
(a) To understand the extent to which macroeconomic factors influence excess return (risk 
premium) on property stocks in the four markets. Interpretations of the impacts of 
macroeconomic factor on property stock risk premium are discussed and cross-market 
differences are compared and evaluated; 
 
(b) To measure time-varying conditional variances and conditional covariances of 
macroeconomic factors (representing macroeconomic risk) and excess return of property 
stocks; and 
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(c) To derive a relationship between macroeconomic risk and expected excess return of 
property stocks and conditional variance of the excess return. The study seeks to find a 
dynamic linkage between time-varying macroeconomic risk and the first and second 
conditional moments of property stocks in each of the four markets examined. 
 
 
1.3   Research Data 
 
The raw data used in this study are the monthly indices for the four property stock markets 
from May 1986 to March 2003. The time series are taken from Datastream. The markets 
examined are Hong Kong, Japan, Singapore and the UK. Table 1.1 describes the property 
stock indexes used. Figure 1.1 displays the index movements over the sample period. 
 
Table 1.1 Property Stock Index Descriptions 
Hong Kong Hang Seng Property Index is a capitalization-weighted index of all the stocks designed to 
measure the performance of the property sector at the Hong Kong Stock Exchange. The 
index consists of 6 members and its total market capitalization was HK$ 315.8 billion as 
at 11/07/03 
Japan Topix Real Estate Index is a capitalization-weighted index designed to measure the 
performance of the real estate sector of the Topix Index. The index was developed with a 
base value of 100 as of 04/02/68. It consists of 34 members with a total market 
capitalization of $ 2.98 trillion yen as at 11/07/03 
Singapore Singapore Property Equities Index is a capitalization-weighted index of all the stocks 
traded on the Stock Exchange of Singapore’s property sector. The index was developed 
with base value of 1000 as of 03/01/97. It consists of 21 members with a total market 
capitalization of S$ 16.65 billion as at 11/07/03 
UK FTSE Real Estate Index is a capitalization-weighted index of stocks designed to measure 
the performance of the real estate sector of the FTSE all share Index. The index was 
developed with a base value of 1000 as of 31/12/85. It consists of 61 members and its 
total market capitalization was 16.96 billion pounds as at 11/07/03 
Data Source: Datastream 
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Data Source: Datastream 
 
Second, the macroeconomic variables included in this study do not uniquely capture the 
macroeconomic risk. The variables act as joint proxy for a set of latent variables that determine 
excess returns of securitized property. Supported by relevant oversea and local literature and 
dictated by availability of data, we derive six macroeconomic variables2: growth in gross 
domestic product (GDPG), industrial production growth (INDPG), unexpected inflation 
(UINFL), interest rate (INTR), money supply growth (M2G), and changes in exchange rate 
(XCHG). All the macroeconomic variables are taken from Datastream. The detailed 
description and construction of these variables and their hypothesized relations with excess 
returns of property stocks appear in Chapter four. 
 
 
1.4   Research Methodology 
 
Figure 1.2 provides an overview of the methodology used in this study. The detailed 
elaborations appear in Chapter four.  
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GDP, INDP  
Frequency Conversion 
Variable Construction: 
GDPG, INDPG, UINFL, INTR, M2G, EXCHG
 
PCA applied on the six chosen 
macroeconomic variables  
GARCH (1,1) applied on the derived set
of Principal Components GARCH (1,1) applied on the 
Excess Returns on Property
Stocks 
Derive Expected Excess Returns and 
Conditional Variance of Excess Returns
Derive Conditional Variance and Covariance: 
Macroeconomic Risk 
GMM Estimation: 
A System of Two Equations 
Derive Excess Returns
from Price Index 
Check Seasonality/Seasonalize 
Original data from Datastream: 
GDP, INDP, CPI, INTR, M2, EXCH 
 
Note: 
1. The figure is organized according to the full methodology of this study.  
2. PCA: Principal Components Analysis 
3. GARCH (1,1) model: Generalized Autoregressive Conditional Heteroskedasticity  (1,1) model 
4. GMM: Generalized Method of Moments  
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Briefly, there are three major steps involved: 
 
(a) First, for each market, Principal Component Analysis (PCA) is conducted on six chosen 
macroeconomic variables to derive a reduced number of principal components 
(representing some common factors) that are statistically equivalent to the original set of 
variables. PCA is applied on the original six macroeconomic variables mainly to reduce 
multicollinearity within the variables;  
 
(b) Second, a Generalized Autoregressive Conditional Heteroskedasticity  (GARCH) model is 
applied to the derived set of principal components to measure their time-varying 
conditional variances and covariances. GARCH (1,1) models are employed in this study to 
estimate the time-varying macroeconomic risk; 
 
(c) Finally, possible influences of the macroeconomic factors on the expected risk premium of 
property stocks and property stock conditional volatilities are determined for each market 
by using Generalized Method of Moments (GMM) estimator. This will be conducted by 
GMM estimation of a two-equation system. 
 
 
1.5   Significance of Research  
 
The present study represents an emerging research area in financial economics of real estate. It 
is conducted in a multiple-factor asset pricing framework whereby the chosen macroeconomic 
factors (and their principal components) are linked dynamically to excess returns of property 
stocks. There are at least three major contributions from this research: 
 
(a) It integrates the literature in business cycle and financial asset pricing from a multiple-
factor perspective; 
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(b) It provides additional insights into the risk-return profile of international property stocks in 
the context of macroeconomy and hence complements international real estate literature in 
asset pricing and performance measurement; and 
 
(c) It employs a combination of PCA, GARCH and GMM techniques in systematically 
deriving a structural relationship between excess returns and macroeconomic risk. 
 
 
1.6   Organization of Study 
 
This thesis comprises of six chapters. Chapter 1 explains the research problem, objective and 
scope. It also provides a brief outline of research data and methodology that will be employed. 
The significance of research is further highlighted. In Chapter 2, the literature which is related 
to the aims of this study will be reviewed. Chapter 3 will provide a comprehensive description 
of the macroeconomy, property market and stock market in Hong Kong, Japan, Singapore and 
UK from a historical perspective. The property stock market will also be reviewed as a 
subsector of the overall stock market. Data and methodology of this research will be detailed 
in Chapter 4. Then Chapter 5 will report the empirical results and discuss the implications. 
Finally, Chapter 6 will conclude the full study.  
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CHAPTER TWO   LITERATURE REVIEW 
 
 
2.1   Introduction 
 
For the purpose of this research, the literature review will cover four major components. Past 
studies on the relationship between stock market, physical real estate market and securitized 
property market are first reviewed in Section 2.2. Section 2.3 and 2.4 provide a review of the 
literature on the relationship between macroeconomy and stock market, and macroeconomy 
and real estate market respectively. This review will provide useful information and support to 
the selection of key macroeconomic factors included in this study. In Section 2.5, key studies 
on time-varying risk premium on REITs and property stocks are provided. The final Section 
2.6 is a summary of the chapter. Table 2.1 is first presented below to provide a brief summary 
of the key studies that will be reviewed in this chapter.   
 
Table 2.1   A Summary of Key Studies Reviewed  
Year Author Main Findings 
Relationship between Stock Market and Real Estate Market 
1984 Ibbotson and Siegel There is a low correlation between real estate and SP stocks. 
1986 Hartzell The quarterly data represent a low correlation between US commercial real 
estate and stock market. 
1990 Geltner The real estate and stock markets are segmented. 
1990 Liu et al. The price movement of the US physical real estate market has different random 
patterns from that of the stock market. 
1990 Miles, Cole and 
Guikey 
There exists segmentation within real estate market and stock market. 
1993 Worzala and Vandell The real estate correlation with stock returns is low in UK market. 
1994 Fu There is integration between stock market and residential property market. 
1995 Cheung, Tsang and 
Mak 
There is integration between stock market and property market. 
1996 Eichholtz and 
Hartzell 
There is segmentation between property and stock indexes in Canadian, UK 
and US markets. 
1996 Wilson, Okunev and 
Ta 
The Australia physical real estate market is segmented from the stock market. 
1997 Fu and Ng There is a low contemporaneous correlation between a transactions-based real 
estate index and stocks in Hong Kong market. 
1999 Quan and Titman There is a significant relationship between stock returns and both rents and 
value changes. 
1999 Wilson and Okunev There is long co-memory effect between stock and property market in Australia 
market. 
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Year Author Main Findings 
2000 Okunev, Wilson and 
Zurbruegg 
There is a nonlinear relationship between stock and real estate market. 
2001 Tse There is integration between stock market and property market. 
Relationship between Securitized Property and Direct Property Markets 
1990 Giliberto Lagged REITs values explain current unsecuritized real estate returns. 
1991 Chan and Sng The differences in real estate and property stock returns are not significant. 
1992 Gyourko and Keim Lagged REIT returns are strong predictors of unsecuritized real estate returns. 
1993 Myer and Webb EREITs are found to lead, or Granger cause, unsecuritized real estate returns. 
1995 Barkham and Geltner The lag in the unsecuritized data is a year or more. 
1994 Ong There is a cointegration between real estate assets and property stocks. 
1995  Ong There is no long-term contemporaneous relationship between the property 
stock and real estate price series. 
1996 Newell and Chau Each of the real estate companies has high positive correlation with the stock 
market. 
1996 Giliberto and 
Mengden 
There is close links between REIT and unsecuritized real estate returns. 
1996 Liow There is a significant co-movement between the property stock market and real 
estate market. 
1997 Acton and Poutasse The US securitized real estate and unsecuritized real estate market is integrated. 
1997 Liow Property stock returns lead property returns by three to six months. 
1998 
(a) 
Liow There is evidence of segmentation of Singapore commercial real estate and 
property stock markes.  
1998 
(b) 
Liow There is no long-term contemporaneous relationship between property stock 
and commercial property prices. 
2001 Chau, Macgregor and 
Schwann 
Securitized real estate returns have low relationship with the appraisal based 
real estate returns. 
2001 Brown and Liow There is significant price co-movement between the commercial real estate and 
property stock prices in the long run. 
Relationship between Securitized Property Market and Stock Market 
1990 Liu et. al. There is integration of the equity REIT and the stock market. 
1992 Ambrose, Ancel and 
Griffiths 
There is integration between stock market and both mortgage and equity REIT. 
1995 Li The REIT market is strongly integrated with the general stock market 
1995 Wang et. al. There are differences between REIT and matching stocks 
1997 Okunev and Wilson There is weak non-linear relationship between the securitized real estate market 
and overall stock market. 
1997 
(a) 
Lizieri and Satchell The securitized property market and the stock market have a contemporaneous 
correlation. 
2000 Glascock, Lu and So REITs behave more like stocks than like bonds after structural changes in the 
early 1990s. 
Macroeconomic Conditions and Stock Market 
1981 Fama Real economic variables are related to US share returns. 
1986 Chen, Ross and Roll Some macroeconomic variables are risks and are rewarded in the stock market. 
1989 Bodurtha, Cho and 
Senbet 
Both domestic and international forces are determinants of equity returns 
1991 Ferson and Harvey The stock market risk premium is the most important for capturing predictable 
variation of the stock portfolios. 
1993 Ferson and Harvey Average returns in national equity markets are related to the volatility of their 
price-to-book ratios. 
1994 Harvey The local information variables represent the variance in the stock returns of 
emerging markets. 
1995 Sill The conditional variance-covariance of the macroeconomic factors are 
important drives of the conditional stock return volatility. 
1997 Liljeblom and 
Stenius 
There is a significant relationship between the stock market volatility and 
macroeconomic volatility. 
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Year Author Main Findings 
1998 Kearney and Daly Some macroeconomic factors are important determinants of conditional 
volatility of Australian stock market. 
1998 Cheung and Ng There are long run co-movement between five national stock market indexes 
and measures of aggregate real activity. 
2002 Fifield, Power, and 
Sinclair 
Both international factors and local information explain the emerging stock 
market returns. 
Macroeconomic Factors and Real Estate Market 
1987 Kling and McCue The office overbuilding and market cycles result from a decline in nominal 
interest rates. 
1990 Chan, Hendershott 
and Sanders 
Bond market risk premiums and stock capitalization explain the variation in 
REIT returns. 
1994 McCue and Kling The state of economy explains the variation in REIT return series. 
1997 Ling and Naranjo Macroeconomic factors have influence on commercial real estate returns. 
1997 
(a) 




Lizieri and Satchell The rate of real interest rate has an influence on property company share prices. 
1998 Ganesan and Chiang Real estate assets are not good inflation hedge. 
1999 Brooks and Tsolacos There is some evidence that the interest rate term structure and unexpected 
inflation have contemporaneous effects on property returns. 
2000 Sing and Low Real estate provides a better hedge against inflation in Singapore market. 
2001 Chau, Macgergor 
and Schwann 
Both capital market and local economic explain the property returns in Hong 
Kong market. 
2002 Glascock, Lu and So The negative relationship between REITs returns and inflation is a 
manifestation of the effects of changes in monetary policies. 
2002 Liow The expected risk premium on Singapore commercial real estate market is 
related to time-varying macroeconomic volatilities. 
Literature on the Time-varying Risk Premium 
1982 Perry Time varying conditional variance of stock returns. 
1984 Pindyck Stock market risk premium is time varying. 
1986 Poterba and  
Summers 
Shocks to the US stock market are short-lived. 
1988 Akgiray and Booth Time varying stock risk premiums. 
1989 Fama and French The macroeconomic factors and the sensitivities of stock and bond returns to 
these factors change over time. 
1991 Ferson and Harvey There is a time variation in the stock market risk premium. 
1992 Liu and Mei Capitalization rate on equity REIT explains the variation in both REIT returns 
and small capitalization stock returns. 
1993 Brown and Otsuki Risk premia change through time. 
1997 Ling and Naranjo There are time-varying risk sensitivities and premia of US commercial real 
estate. 
1998 Karolyi and Sanders There are time-varying risk premiums in stocks, bonds and REITs returns. 
2000 Mei and Hu There is time-varying risk premium on property company shares. 
2001 Devaney There is time-varying risk premium on REITs. 
2002 Liow The expected risk premium on Singapore commercial real estate market is 
related to time-varying macroeconomic volatilities. 
Note: The table is organized according to the key studies reviewed in this chapter. 
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2.2 Relationship between Stock Market, Real Estate Market and Securitized Property  
Market 
 
2.2.1   Relationship between Stock Market and Physical Real Estate Market 
 
The relationship between stock market and property market has been the focus of real estate 
literature in recent years. There is however no consensus on whether the two markets are 
integrated or segmented, either in short-term or in long run. Empirical studies find different 
evidence across various countries and time spans.  
 
Some studies find that real estate market is segmented from stock market and hence 
institutional investors benefit from this because of the low correlation between the two markets. 
A long list of literature provides evidence of segmentation of the two markets. Examples of the 
studies include Ibbotson and Siegel (1984); Hartzell (1986); Geltner (1990); Liu et.al. (1990); 
Miles, Cole, and Guikey (1990); Worzala and Vandell (1993); Eichholtz and Hartzell (1996); 
Wilson, Okunev and Ta (1996); and Fu and Ng (1997).  
 
Using annual US commercial real estate data from 1947 to 1982, Ibbotson and Siegel (1984) 
find the correlation between real estate and SP stocks to be –0.06, while Hartzell (1986) finds 
the correlation to be –0.25 using the quarterly data from 1977 to 1986. Geltner (1990) tests the 
integration of various real estate markets and stock markets. He finds that the noise component 
of real estate and stock returns are different and concludes the two markets are segmented. 
Evidence from Liu et al (1990) supports the notion of market segmentation with appraisal-
based returns. They find that the US securitized real estate market is integrated with the stock 
market. However, their results indicate that the US commercial real estate market is segmented 
from the stock market. The price movement of US physical real estate market, unlike that in 
securitized real estate market, is found to have different random patterns from that of the stock 
market.  
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Besides the US studies above, some literature of other countries also provides support for the 
segmentation. In UK, Worzala and Vandell (1993) estimate the real estate correlation with 
stock returns to be low. Eichholtz and Hartzell (1996) further document the market 
segmentation between property and stock indexes using Canada, UK, and US data. In 
Australia, Wilson, Okunev and Ta (1996) use the arbitrage pricing framework to investigate 
the degree of integration between real estate and stock markets. The results show no 
conclusive evidence for the integration of the two markets and this hence suggests that the 
Australia physical real estate market is segmented from the stock market. More recently, for 
Hong Kong market, Fu and Ng (1997) cite a low contemporaneous correlation between a 
transactions-based real estate index and stocks over the studying period from 1980 to 1996.  
 
On the contrary, another group of studies provide some significant evidence of integration 
between real estate market and stock market, using different techniques and data sets. These 
studies include Fu (1994); Cheung, Tsang and Mak (1995); Quan and Titman (1999); Wilson 
and Okunev (1999); Okunev, Wilson and Zurbruegg (2000); and Tse (2001). There is 
irregularity in respect to the linearity of the relationship and the presence of relationship over 
different time period intervals. Nevertheless, to a degree, the findings support integration 
between the two markets.  
 
Fu (1994) examines Hong Kong residential property market and stock market. He finds a lead 
relation by stock market over residential property prices, which indicates integration between 
the two markets. Studies of Cheung, Tsang and Mak (1995) and Tse (2001) both support the 
finding of market integration in Hong Kong. Using data from 17 countries over 14 years, Quan 
and Titman (1999) examine the relationship between stock returns and changes in property 
values and rents. They find that the contemporaneous relation between yearly real estate price 
changes and stock returns is statistically insignificant in the 17 countries with the exception of 
Japan. But when they pool the data across countries and test with longer measurement intervals, 
they find that the relationship between stock returns and both rents and value changes becomes 
Chapter Two Literature Review                                                                                        - 13 -  
 
Macroeconomic Risk and Excess Returns on Property Stocks: Some International Evidence          
 
significant. Using a nonlinear technique, Wilson and Okunev (1999) do not find evidence for 
the so called “long co-memory effects” between stock and property markets in UK and US, but 
they find some evidence of this in Australia. In an international context, they present evidence 
of long co-memory using the sample on either side of the 1987 stock market crash. In the later 
year, Okunev, Wilson and Zurbruegg (2000) conduct both linear and nonlinear causality test to 
examine the relationship between US real estate and S&P500 stock markets. While the linear 
tests produce spurious results, the nonlinear causality tests suggest a strong unidirectional 
relationship running from stock market to real estate market. They hence conclude there is a 
nonlinear relationship between the two markets.  
 
 
2.2.2   Relationship between Securitized Property and Direct Property markets 
 
The relationship between securitized real estate and physical real estate markets has been of 
interest in previous literature. Some existing studies focus on the time series of REITs and real 
estate data in US (Giliberto, 1990; Gyourko and Keim, 1992; Myer and Webb, 1993; Giliberto 
and Mengden 1996; Acton and Poutasse, 1997); several literature examines property company 
shares and physical real estate in markets such as UK (Barkham and Geltner, 1995) and Hong 
Kong (Newell and Chau, 1996; Chau, Macgregor and Schwann, 2001) as well as Singapore 
(Chan and Sng, 1991; Ong, 1994, 1995; Liow, 1996, 1998a, 1998b; Brown and Liow, 2001).  
 
Studies on the relationship between US REITs and appraisal-based real estate indices tend to 
show strong correlations, though results vary in the studies. With the significant relationship 
between the two markets, many conclude that knowledge of the securitized real estate is an 
alternate way of understanding the real estate market. Giliberto (1990) presents evidence of 
significant correlations between equity REITS and real estate returns. He suggests the presence 
of a common factor or factors associated with real estate that affects both return series. Some 
studies further show a tendency for the REITs returns to act as predicators of the real estate 
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returns. For example, Gyourko and Keim (1992) find that lagged values of EREIT returns are 
able to predict direct property returns after controlling for "persistence" in the appraisal series. 
Specifically, they find that important information about real estate fundamentals is impounded 
in REIT returns, especially when these are adjusted to control for general market factors; and 
that REIT returns during the year are a significant predicator of NCREIF index movements at 
year end. Using a measure of Granger causality, Myer and Webb (1993) examine the inter-
temporal relationship between EREIT and real estate returns in US over the period 1978 to 
1990. They find that the EREIT index returns Granger cause commercial property returns. In 
this sense, EREITs are more strongly linked to physical real estate market returns than small 
capitalization stocks and close-end mutual funds.  
 
Barkham and Geltner (1995) explore the evidence of price discovery between securitized and 
unsecuritized commercial real estate market in UK and US. They reveal a strong positive 
correlation between the securitized and unsecuritized real estate returns by a lag of one year for 
the two countries. In addition, they find there is a causal relationship between the securitized 
and unsecuritized real estate markets in UK. 
 
Unlike US and UK studies, Hong Kong studies find weak evidence for high correlations of the 
securitized real estate and the physical real estate markets. The evidence therefore is discussed 
for the diversification within the real estate asset class. Newell and Chau (1996) investigate the 
linkages between property company performance and commercial property performance. 
Using property company and direct property returns over 1984 to 1994, a range of key 
property investment issues are assessed, including lead/lag relationships, impounding and 
informational and structural efficiency of the commercial property market. Their results show 
that each of the real estate companies has high positive correlation with the stock market. 
However, they find a low positive correlation between the property stock and real estate 
markets. More recently, Chau, Macgregor and Schwann (2001) also conclude that the Hong 
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Kong securitized real estate returns convey little or no information about the appraisal based 
real estate returns.  
 
In Singapore, there is evidence of market integration and market segmentation respectively. 
However, a general consensus is that there is a relationship between securitized property 
market and physical real estate market. Chan and Sng (1991) analyze the returns on property 
stocks and real estate in Singapore from 1976 to 1988 and conclude that the differences in real 
estate and property stock returns are not statistically significant. Ong (1994) test the 
contemporaneous long-term relationship between property stocks and real estate using the 
structural and VAR approach. The evidence shows the presence of cointegration between the 
two assets. However, in another study of Ong (1995), results suggest no long-term 
contemporaneous relationship between the property stock and real estate price series. Liow 
(1996) provides evidence on the variations of Singapore property companies' share price 
discounts/premiums and their relationships with property market returns over a 15-year period. 
The results indicate significant co-movement between the two markets' performance; changes 
in property company ratings are found to lead changes in the all-property, residential, 
commercial and industrial property returns by up to a maximum of six months. Liow (1997) 
provides further evidence that property stock returns lead property returns by three to six 
months. On the other hand, Liow (1998a) documents market segmentation, with Singapore real 
estate and property stock markets tending to move apart. In addition, Liow (1998b) 
demonstrates there is no evidence of long-term contemporaneous relationship between 
property stock and commercial property prices. Brown and Liow (2001) examine the cyclical 
characteristics of Singapore commercial real estate and property stock prices and their 
frequency space correlation for the period 1975–1998 by using univariate spectral analysis and 
cross-spectral analysis. They report that the commercial real estate and property stock prices 
exhibit cyclical patterns and there exists significant price comovement between the two 
markets in the long run. The finding strengthens the evidence of integration of Singapore 
securitized real estate and physical real estate markets.    
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2.2.3   Relationship between Securitized Property Market and Stock Market 
 
A comprehensive review of the research in the area of the securitized property market provide 
evidence that this market generally exhibits a strong contemporaneous correlation with overall 
stock market. It is not surprising given both the large real estate component in the corporate 
asset base and the existence of common factors (e.g., interest rates, inflation, expectations of 
economic growth) in determining prices. Considerable literature has examined the equity 
characteristics of REITs. Liu et.al. (1990) provide evidence for integration of the equity REIT 
and the stock market. Ambrose, Ancel and Griffiths (1992) employ a rescaled range analysis to 
test deterministic nonlinear trend in the return series. Their results show that mortgage and 
equity real estate investment trusts both display similar return generating characteristics to the 
overall stock market. They therefore conclude that the two markets are integrated. Li (1995) 
finds that the REIT market in US is strongly integrated with the general stock market and that 
unexplained return volatility is similar in magnitude to other industrial sectors. By contrast, 
Wang et.al. (1995) find differences in terms of liquidity, information dissemination, and 
pricing mechanisms between REITs and matching stocks.  In the study of Okunev and Wilson 
(1997), they develop a non-linear mean reverting stock price model and find that the US 
securitized real estate market is not linearly related to the overall stock market, but there is a 
weak non-linear relationship between the two markets.  
 
In UK, Lizieri and Satchell (1997a) find that the securitized property market and the stock 
market have a strong contemporaneous correlation when they do regression analysis on the 
overall stock index and the lagged property stock index. The Granger causality tests in their 
study show that the overall stock index lead the property stock index and this strong 
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2.3   Macroeconomic Conditions and Stock Market 
 
There is substantial evidence that expected variations in stock and bond returns are related to 
the state of the economy as reflected in the key macroeconomic variables. Fama (1981) and 
Chen, Roll and Ross (1986) are the first researchers who document that some real economic 
variables such as industrial production, interest rates, inflation, real GNP and the money 
supply are related to US share returns. For example, Chen, Roll and Ross (1986) test whether 
innovations in macroeconomic variables are risks that are rewarded in the stock market. They 
find that the following macroeconomic variables: the spread between long and short interest 
rates, expected and unexpected inflation, industrial production, and the spread between high- 
and low-grade bonds, are significantly priced in the stock market. Furthermore, neither the 
market portfolio nor aggregate consumption is found priced separately. In addition, they 
conclude that oil price risk is not separately rewarded in the stock market.  
 
Thereafter, Ferson and Harvey (1991) provide an analysis of the predictable components of 
monthly common stock and bond portfolio returns. Most of the predictability is associated 
with sensitivity to economic variables in a rational asset pricing model with multiple betas. 
The stock market risk premium is the most important for capturing predictable variation of the 
stock portfolios, while premiums associated with interest rate risks capture predictability of the 
bond returns. Recently, using a multi-beta asset-pricing model allowing for time variation in 
economic risk premiums and asset betas, Karolyi and Sanders (1998) investigate the time-
varying risk premiums in stocks, bonds and REITS return. They find that economic risk 
variables from multi-beta asset pricing models explain a comparable amount of both of the 
predictable variation in both REIT returns and small stock returns.  
 
Besides, several studies extend to international and emerging markets. Literature along this 
trend includes Bodurtha, Cho and Senbet (1989), Ferson and Harvey (1993), Harvey (1994), 
Cheung and Ng (1998), and Fifield, Power, and Sinclair (2002). These studies in various 
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markets provide relevant comparison with US and UK evidence. Bodurtha, Cho and Senbet 
(1989) detail an analytic approach to select macroeconomic factors by reducing the 
dimensionality of the various relevant economic forces with limited priors. Their findings 
show that both domestic and international forces are determinants of equity returns.  
 
In Ferson and Harvey (1993), they study on the average and conditional expected returns in 
national equity markets of some emerging countries and their relations to a number of 
fundamental country attributes. The attributes are organized into three groups. The first is 
relative valuation ratios, such as price-to-book-value, cash flow, earnings and dividends. The 
second group measures relative economic performance and the third measures industry 
structure. They find that average returns across countries are related to the volatility of their 
price-to-book ratios. Predictable variation in returns is also related to relative gross domestic 
product, interest rate levels and dividend-price ratios. Later, Harvey (1994) evaluates the 
ability of both global and local variables to predict stock returns. He finds the local 
information variables accounted for more than half of the predictable variance in the returns of 
emerging markets. Using the Johansen (1991) cointegration technique, Cheung and Ng (1998) 
reach a similar conclusion as Bodurtha, Cho and Senbet (1989) and Ferson and Harvey (1993). 
They find empirical evidence of long run comovements between five national stock market 
indexes and measures of aggregate real activity including the real oil price, real consumption, 
real money, and real output. More recently, Fifield, Power, and Sinclair (2002) investigate the 
extent to which global and local economic factors explain in stock market returns of 13 
emerging countries. The economic factors are determined using principle components analysis. 
The results suggest that the local economic variables included in this study can be summarized 
by GDP, inflation, money and interest rates, while the selected global variables can be 
sufficiently characterized by world industrial production and world inflation. These 
components are then used as inputs into a regression analysis in order to explain the index 
returns of the 13 emerging stock markets over the period 1987 to 1996. The analysis indicates 
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that while world factors are significant in explaining emerging stock market returns, local 
factors may also play a crucial role. 
 
Instead of investigating predictability of stock returns, some studies analyze the relationship 
between conditional stock market volatility and macroeconomic volatility (Sill, 1995; 
Liljeblom and Stenius, 1997; Kearney and Daly, 1998). Sill (1995) investigates the link 
between UK stock market volatility and macroeconomic risk. He relates the expected stock 
excess returns and the conditional variance of stock excess returns to conditional variance-
covariance of a set of macroeconomic factors. Generally, the results suggest that the 
conditional first and second moments of stock excess returns are time varying and are 
dynamically related to the macroeconomic risk. The explanatory power of industrial 
production growth, bond premium, inflation, and short-term interest rates are explored in the 
study. With the exception of bond premium, Sill documents that the industrial production, 
Tbill rate and inflation are statistically significant in explaining stock market returns and hence 
the conditional variance-covariance of the three macroeconomic factors are important drives of 
the conditional stock return volatility.  
 
Using Finnish data, Liljeblom and Stenius (1997) find significant result from stock market 
volatility as a predictor for macroeconomic volatility, as well as the converse. Kearney and 
Daly (1998) conclude that conditional volatilities of inflation, interest rates, industrial 
production, the current account deficit and the money supply growth are the most important 
determinants of conditional volatility of Australian stock market. Specifically, the conditional 
volatilities of inflation and interest rates are directly associated with stock market volatility, 
while the conditional volatilities of industrial production, the current account deficit and the 
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2.4   Macroeconomic Factors and Real Estate Market 
 
There are numerous studies that investigate the relationship between macroeconomic factor 
impacts on the real estate market. It is believed that the economic fundamentals underlying the 
stock market and real estate market should be the same given the two markets both are 
important assets of an economy. Hence, the macroeconomic factors appear stock market 
literature provide some guides on the choice of economic factors that influence the real estate 
market. 
  
Although there is various evidence in respect to significant macroeconomic factor, previous 
studies support the notion that macroeconomic have strong impacts on the real estate market. 
As early as 1987, Kling and McCue (1987) consider the influences that the macroeconomic 
factors have on US office construction. They employ VAR models that include monthly office 
construction, money supply, nominal interest rates, output (GNP). They conclude that office 
overbuilding and market cycles result from a decline in nominal interest rates that raise 
developers’ projections of GNP and future demand for space on a macroeconomic level. In 
fact, US studies generally utilize security-backed real estate indices to examine the relationship 
between the property market and the economy. Using REIT data as proxy, Chan, Hendershott 
and Sanders (1990) investigate the influence of some pre-specified macroeconomic factors 
such as inflation, term and risk structure of interest rates, and industrial production on real 
estate returns. They find that bond market risk premiums such as the term spread and the risk 
spread as well as the stock capitalization are the most important macroeconomic variables for 
explaining the average variation in REIT returns. In the study of McCue and Kling (1994), 
they use the VAR model to test the relationship between macroeconomy and real estate 
returns. The results show that prices, nominal rates, output and investment directly influence 
the real estate returns. The state of economy explains almost 60% of the variations in REIT 
return series.  
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In recent years, Ling and Naranjo (1997) use nonlinear multivariate regression techniques to 
examine the time-varying risk factor sensitivities and return premia, and to identify the 
fundamental macroeconomic drivers that systematically affect real estate returns. They find 
that growth rate in real per capita consumption, real Treasury Bill rate, term structure of 
interest rates and unexpected inflation have influence on commercial real estate returns. Their 
results show that the term structure of interest rates and unexpected inflation do not carry 
statistically significant risk premiums in the fixed-coefficient model but are significant when 
sensitivities and risk premia are allowed to vary over time. In the study of Karolyi and Sanders 
(1998), they find that there are varying degrees of predictability among stocks, bonds, and 
REITs and that most of the predictability of returns is associated with the economic variables 
employed in the asset pricing model. In addition, they find that there is an important economic 
risk premium for REITs that is not represented in conventional multiple-beta asset pricing 
models. 
 
In UK, Lizieri and Satchell (1997a) use a two-sector analytic model to explore the 
relationships between real estate and the economy. Causality analysis suggest that the wider 
economy leads the real estate market in the short term but that, with a longer lag structure, 
positive real estate returns may point to negative future returns in the economy. Lizieri and 
Satchell (1997b) conclude that the rate of real interest has an influence on property company 
share prices but the behavior differ in high interest rate and low interest rate regimes. Brooks 
and Tsolacos (1999) develop a VAR model to investigate the impact of macroeconomic and 
financial variables on UK real estate return. The rate of unemployment, nominal interest rates, 
and spread between the long- and short-term interest rates, unanticipated inflation and dividend 
yield are selected as macroeconomic variables. The results are not strongly suggestive of any 
significant influences of these variables on the variation of the filtered property returns series. 
There is, however, some evidence that the interest rate term structure and unexpected inflation 
have contemporaneous effects on property returns. 
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The issue of the relationship between macroeconomy and property market is also explored in 
developing markets such as Hong Kong and Singapore. However, literature of these markets is 
relatively less than that in developed countries. In addition, some of the literature particularly 
focuses on the influence of interest rate risk on real estate market and inflation hedge ability of 
real estate market (Ganesan and Chiang, 1998; Sing and Low, 2000). In Hong Kong, Ganesan 
and Chiang (1998) conclude that real assets generally are not good hedge against inflation, but 
financial assets seem to have better inflation hedge ability. Sing and Low (2000) find that real 
estate provides a better hedge against inflation than does stock and securitized real estate in 
Singapore. There is evidence of the relationship between Hong Kong economy and its property 
market, which is mirrored from price discovery. Chau, Macgergor, and Schwann (2001) 
examine price discovery for four sectors of the Hong Kong property market. The results show 
that both capital market variables and local economic variables are significant for explaining 
the appraisal-based returns to Hong Kong property. The two sets of variables account for from 
58% and 87% of the total variation in returns, with capital market factors contributing between 
32% and 75% to the explanatory power. In Singapore, Liow (2002) relates the time-varying 
macroeconomic risk to excess returns on Singapore commercial real estate. Results reflect that 
the macroeconomic conditional volatilities are significant predictors for the expected risk 
premiums of Singapore office and retail real estates. 
 
 
2.5   Time-varying Risk Premium  
 
In the past two decades, many studies start to relax the constraint of constant conditional 
variance of asset return and provide strong evidence regarding time-varying risk premium of 
stock markets. This is proposed and proven in those studies of Perry (1982), Pindyck (1984), 
Poterba and Summers (1986), Akgiray and Booth (1988). Other literature follows the time-
varying risk premium framework when seeking for the macroeconomic determinants of returns. 
Fama and French (1989) find that the macroeconomic factors and the sensitivities of stock and 
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bond returns to these risk factors change over time. Ferson and Harvey (1991) find that time 
variation in the stock market risk premium is important for capturing predictable variation of 
stock portfolios. Brown and Otsuki (1993) use a multiperiod asset pricing model to allow risk 
premia to change through time. Sill (1995) suggests that some macroeconomic risk help 
explain the behavior over time of expected excess returns on stocks with a structural 
framework that dynamically relates the stock market to the macroeconomic conditions. 
    
Following these studies on stock market, similar research extends to real estate markets. Ling 
and Naranjo (1997) use the Fama-Macbeth (1973) methodology to estimate complete time-
varying risk sensitivities and premia of US commercial real estate. Liow (2002) investigates 
the behavior over time of excess returns (risk premium) on commercial real estate in Singapore. 
He finds that the expected risk premium on the office and retail real estate markets are both 
time varying.   
 
Literature on time variation in risk premium of securitized real estate is limited in past years 
but does provide some evidence. Some of the literature focuses on REIT returns, and others 
examine property stock returns. Liu and Mei (1992), using a multifactor latent-variable model, 
examine the time variation in both unexpected and expected REIT returns. They find that the 
capitalization rate on equity REITs is significant in explaining the variation in both REIT 
returns and small capitalization stock returns. To investigate the time-varying risk premiums in 
stocks, bonds and REITS returns, Karolyi and Sanders (1998) employ a multi-beta asset-
pricing model, which allows for time variation in economic risk premiums and asset betas. 
Devaney (2001) employs a generalized autoregressive conditionally heteroskedastic in the 
mean (GARCH-M) model to investigate the return generating process of US REITs. The study 
provides some evidence for the time varying risk premium on REITs, and indicates the 
GARCH-M specification is more appropriate for the mortgage REIT portfolio than for the 
portfolio of equity REITs. Mei and Hu (2000) develop a multi-factor latent variable model to 
examine the time variation of expected returns on Asian property stocks. Using data from 1990 
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to 1997, they find strong evidence of the time-varying risk premium on property company 
shares and this suggests that property development based on constant discount rate may 
underestimate the cost of capital.  
 
 
2.6   Summary  
 
This chapter has provided an overview of the previous research on the relationship between 
stock market, real estate market and securitized property market in the context of 
macroeconomy, as well as evidence regarding the time-varying nature of excess returns in 
REITs/property stock markets. These studies were found to be very useful in guiding the 
choice of key macroeconomic factors and econometric methodology employed in this study. 
 
As an extension of previous research, the present study contributes to the international real 
estate asset pricing literature in at least three different ways. First we include three key 
property stock markets in Asia (Hong Kong, Japan and Singapore) as listed property 
companies have become an increasingly important property investment vehicle in Asia and 
internationally. Second, this study derives a relationship between excess returns of securitized 
property and macroeconomic risk which is measured by the conditional volatility of 
macroeconomic variables. Third, we use a combination of principal component analysis, 
GARCH (1,1) modeling and GMM to investigate the time varying nature of the excess 
property stock returns and the macroeconomic risk. 
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CHAPTER THREE   MACROECONOMY AND MARKET REVIEW  
 
 
3.1   Introduction  
 
This chapter will provide a discussion of the macroeconomic conditions, property market and 
stock market in Hong Kong, Japan, Singapore and UK. Section 3.2 through Section 3.5 discuss 
the macroeconomy, direct property market, and stock market including the real estate sub-
sector performance in the four economies respectively. Section 3.6 concludes the chapter. The 
review will enhance investors’ understanding of the four property stock markets. 
   
 
3.2   Hong Kong  
 
Macroeconomic Condition 
Hong Kong is a major economic force in the Asia-Pacific region. Hong Kong's Gross 
Domestic Product (GDP) had grown at an average real rate of over 6 percent per annum over 
ten years before 1997, with the GDP per capita at that time exceeding that of Australia, New 
Zealand and the UK. This strong economic performance has been largely attributable to the 
economic integration of Hong Kong and China. This has resulted in a significant relocation of 
Hong Kong industry to areas in southern China, with Hong Kong being transformed from a 
manufacturing-based to a services-based economy. Over 1981-93, this saw the service sector 
increase from 33 per cent to 55 per cent of the total workforce, while the manufacturing sector 
decreased from 47 per cent to 24 per cent (Jardine, 1993). Figure 3.1 displays the economic 
growth of Hong Kong (GDP, US$), which is compared with that of Japan, Singapore and UK. 
An investigation of Figure 3.1 reveals a fact that Hong Kong GDP growth had shown an 
advantage over Japanese and UK economic growth before the financial crisis. 
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Along with the strong economic performance, Hong Kong financial market also leads the 
Asian Area. As Ho (1998) mentioned, Hong Kong is the largest loan syndication loan center in 
Asia; the largest foreign banking center in Asia and the second largest in the world (in terms of 
the number of foreign banks); and the fifth largest foreign exchange market in the world and 
the third largest in the Asia Pacific.  
 
Since Hong Kong interest rates are linked to U.S. rates, the change in interest rates indeed 
reflects part of the interrelations between Hong Kong and US markets. On the other hand, 
interest rate movement reflects Hong Kong money market pressures. Before 1990, the interest 
rate level was relatively high, which was associated with low money supply volume. Interest 
rate declined from the beginning of 1990s when the money supply expanded. In the 
meanwhile, Hong Kong’s inflation rate, which is measured by consumer price index (CPI), 
was relatively high during the same period. The inflationary spiral rose from about three 
percent in 1986, to 12 percent in 1991, and then stabilized at an average of nine percent in the 
1992-1995 period. The high inflation rate however was unusual, since it occurred at a time 
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when the interest rate was low. In October 1997, the Hong Kong dollar was exposed to the 
speculative financial attack, as a result of the contagion effect of the Asian financial turmoil. 
Interbank rates shot up to unprecedented levels, and then showed substantial risk premiums, 
generating unpalatable consequences for the financial and property markets, as well as the real 
economy. The effects of the turmoil period lasted till 2000. Since the new millennium, the 
growth in money supply stabilized and Hong Kong interest rate along with the price level have 
dropped sharply. Figure 3.2 shows a comprehensive review of Hong Kong financial and 
money market fluctuations.  
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Property market 
Property cycles both influence and are influenced by broader cycles of economic activity. The 
booms occurred predominantly in 1961-1964,1969-1973, and 1977-1981, and the slumps 
followed in 1965-1968, 1969-1976 and 1982-1984. The three major cycles in the periods: 
1976-1983, 1984-1990, and 1991-1994 (see Tse, Ganesan and So, 1998). In 1965, the property 
slump caused a banking crisis and a series of runs on many banks. Recovering from the 1967 
riots and fuelled by the global economic boom, the market climbed to a peak in 1972 but then 
plummeted rapidly following the 1973 stock market crash. The boom from 1977 to 1981 was 
of an unmatched scale and so was the aftermath of its collapse in 1982. The period 1977 until 
mid-1981 witnessed sharp rises in prices and rentals. The excessive speculation and 
oversupply in the booming period of early 1980s lead to subsequent property price fall in 
1982-1984.  
 
In the late 1980s, the property market began to revive with the highly expanding economic 
situation. Rising interest rates from 1987 to 1990 were a problem for developers with high 
equity in their projects; but in Hong Kong generally financiers, including long-term investment 
fund holders, were more willing to finance real estate (especially residential) development 
mainly through variable rate mortgages and equity partnerships to ensure protection for their 
funds from inflation. Therefore, even when the banking sector was starved of funds, the 
property sector was active at that time. When the interest rate declined from in the early 1990s, 
the property market was booming again. On the other hand, the emergence of negative interest 
rate in the early 1990s caused the sharp volatility of house prices in Hong Kong. During one 
year in 1997, due to the resumption of sovereignty on 1 July 1997, the average residential 
property price index rose by about 50 percent, while the price index of large units surged by 
almost 60 percent. The subsequent periods of Hong Kong property market suffered from the 
financial crisis. From October 1997 to July 1998, the real estate market declined by about 30 
percent. 
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Despite of the peaks and troughs, property market is an active sector in Hong Kong economy. 
As Walker et al. (1995) cited, property and construction contributed 23.5 per cent to Hong 
Kong's gross domestic product (GDP), with this contribution having been over 20 per cent 
since 1982, and over 60% of capital investment expenditure had been in property since 1983.  
 
Stock and property stock markets 
The history of Hong Kong stock exchange goes back to 1986. Before the unification of trading 
of stocks under one roof in the Stock Exchange of Hong Kong (SEHK) in 1986, trading of 
securities was done in four separate exchanges. Three of the four exchanges (Far East, Kam 
Ngan, and Kowloon) were formed in the period from 1969 to 1972 during which more than 
250 new companies were listed. The stock market then suffered from two major slumps: one in 
1974–1975 due to the discovery of forged share certificates and economic downturn and one in 
1982–1983 due to the uncertain political future of Hong Kong. The Hong Kong stock market 
went to a new stage of development when the four stock exchanges were unified into the Stock 
Exchange of Hong Kong in 1986. 
 
Since 1986, Hong Kong stock market has experienced a fast development in both market 
capitalization and liquidity. The market capitalization of Hong Kong overall stock market went 
from HK$419.3 billion in 1986 to HK$3,476 billion in 1996. The increase was up to 729%. At 
the same time, the stock price as measured by the Hang Seng Index increased by 424%, 
indicating that that part of the increase in market capitalization was due to the raising of new 
capital by existing firms and by IPOs. Indeed, the total equity fund raised during the same 
period was HK$546.7 billion. During the same period, the ratio of market turnover to market 
capitalization also increased from 29.4% to 40.6%, showing an improvement in the liquidity of 
the Hong Kong market. The dramatically growing market capitalization and liquidity was not 
surprising because “Multinational organizations with headquarters located in Hong Kong have 
grown from 174 in 1980 to over 600, with over 75 per cent of the world's 100 largest banks 
using Hong Kong as a regional and international center for financial intermediation” (Jones 
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Lang Wootton, 1993). From the regional perspective in Asia, as of January 1997, Hong Kong 
is only outperformed by Japan in terms of market capitalization and by Japan, Taiwan, and 
Shanghai in terms of market turnover.  
  
Both finance and properties were two important sectors that accounted for more than 50% of 
the stock market capitalization. In fact, before 1995, property and construction company stocks 
contributed approximately 25 per cent to Hong Kong's total stock market capitalization, with 
this being significantly greater than that seen in other South-East Asian and western countries. 
After partially including consolidated enterprises that were involved in property development 
and investment, the contribution of property and construction company stocks increased to 
approximately 45 per cent of total stock market capitalization. The major significance of 
property companies to the Hong Kong stock market was also reflected in six of the top ten 
companies listed, and ten of the top 20 companies listed, being property or strongly property-
related companies (see Walker et. al., 1995). The share of the properties sector increased from 
about 25% to 31% due to a rapid increase in property prices in 1996. According to Tse (2001), 
real estate-related firms accounted for over 30 percent of Hong Kong’s stock market 
capitalization. The significant contributions of listed property company shares to the stock 
market capitalization may come from heavy capital investment expenditure in property. With 
its importance in the overall stock market, the property sub-index performed the worst among 
all the sub-sectors when the overall stock market declined during the financial crisis. Its price-
earnings ratio (P/E ratio) decreases from 15.7 in July 1997 to 4.96 in July 1998, down by 68 
percent, which is the lowest among all the Hong Kong stock sub-indices. The P/E ratio for 
properties was only 54 percent of the average P/E ratio in July 1998, compared with 91 percent 
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3.3   Japan  
 
Macroeconomic condition 
Though the decade from the end of the world war to 1955 was a period of distress for Japanese 
economy, the economy recovered slowly in the first few years and the speed of recovery 
accelerated from around 1950. During that period, Japan achieved high economic growth rate 
with efforts to artificially control interest rates to levels far below corporate profit ratios and 
enhance business incentives for investment, while some measures were taken to protect and 
develop enterprises and help them accumulate the capital necessary to step up equipment 
investment. However, the noticeable change in the international economic environment 
exercised serious impact on the Japanese economy which had much to do with international 
trade, putting an end to the extremely high economic growth in the 1960’s.  
 
In 1973, when a switchover to the floating exchange system occurred, Japanese economy 
failed to adopt timely and appropriate measures to cope with trade imbalance and hence was 
seriously impacted due to the inevitable appreciation of the Japanese yen. This was called as 
“Nixon shock”. In the same period, the first oil crisis exercised serious effects on the Japanese 
economy which had been dependent on imports for almost all domestic consumption. For 
several years after the oil crisis, Japan was in the midst of serious crisis times, being exposed 
to a real test for flexibility of its economic structure. In the midst of such ever-changing 
conditions, Japan then switched to stable growth from the high growth period.  
 
In the 1970s, the Japan real GDP growth was half that of the two preceding decades. The 
decline continued in the first half of the 1980s, whereas in the second half of the 1980s, an 
economic boom called “Heisei Keiki” occurred. Then Japan was labeled by its bubble 
economy in the late 1980s. The bubble economy was characterized as the rising asset price, the 
overheating economy and a sizable increase in money supply and credit. Then the real GDP 
Chapter Three Macroeconomy and Market Review                                                              - 32 - 
 
Macroeconomic Risk and Excess Returns on Property Stocks: Some International Evidence          
 
dropped about 3% from 1990 to 1991. The recession started as a consequence of the 
overheating economy.  
 
Although the Bubble Economy ended essentially in 1990 it wasn't until January 29, 1993 that a 
Japanese prime minister acknowledged that the "Bubble Economy" had collapsed. In the first 
three months of 1993 the price level fell by 1.1 percent, which represented a rate of deflation 
of almost 4.5 percent per year. By August 1993 wholesale prices were falling at an annual rate 
of 4.2 percent. In the second quarter of 1993 Japan's GNP declined at an annual rate of 2 
percent. During this period, the Japanese economy was in serious trouble though the 
government attempted to take some measures. But even during the recession, Japan’s economy 
was ranked second only to the US. The real GDP of Japan finally turned upward at the end of 
1995, and plunged downward to new depths in 1998. Then, the economic decline continued 
until 1999, when the real GDP stabilized. Since 1999, Japan has still exhibited very low 
economic growth. In the early 2000, most of the East and Southeast Asian economies 
especially PRC, Hong Kong and Singapore produced much higher GDP growth rates than did 
Japan.  
 
During this period, the Japanese Yen however was relatively strong in comparison to US dollar, 
especially comparing to that in the first half of the 1980s. This occurred even though Japan’s 
monetary authorities at the Bank of Japan and the Japan Ministry of Finance preferred a 
weaker yen to encourage exports and better domestic business conditions. The rate was 
particularly low in 1995; it was published as 94 yen to the US dollar. The exchange rate rose to 
more than 145 yen to US dollar in 1998, then the yen strengthened from June to the fall of 
1999 and reached 104 yen to dollar when the new millennium approached. Since 2000, 
Japanese yen-US dollar exchange rate has also appeared volatile.  
 
On the other hand, Japanese interest rate was more sensitive to the recession. As the recession 
had approached and as the demand for the loans had diminished, interest rates declined from 
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the peak in late 1990. For example, the average long-term prime lending rate peaked at almost 
9% in late 1990 and reached 2.5% at the end of 1998; the short-term prime lending rate 
declined to an even lower rate. Figure 3.3 below provides a review of the Japanese money and 
financial market.  
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After the World War II, the devastated Japanese properties were rebuilt in the recovery period 
from 1945 through 1950. Then, as the recovery occurred, property prices rose from low 
wartime levels. Then, land and building values increased during the bubble expansion period, 
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and finally reached the peak in the early 1990s. The high property values was caused by the 
fact that land was used as collateral for loans and the fact that the taxing authorities tended to 
use those peak prices in valuing property subject to the inheritance tax. After property prices 
rose to peaks, they fell drastically during the recession of the 1990s. According to Ministry of 
Construction, in November of 1991 houses and apartments in metropolitan Tokyo had in the 
preceding year lost 37% of their value and plots of land in the suburb of Saitama had lost 41%. 
Since then, the Japan property market has been in a period of depresses. 
   
More specifically, Tokyo office market is a special part and a very important component of the 
total Japanese real estate market. According to research of the Japan Ministry of Home Affairs 
about the price of fixed assets, the existing stock of Great Tokyo3 office space continued to 
climb from 1980 through 1997. In 1980, the total office stock approached 8,000 hectares and it 
was close to 20,000 hectares in 1997. During the “bubble” period from the mid-1980s to the 
early 1990s, office building starts added a lot of office space in the Greater Tokyo area. As an 
example, within the city of Tokyo, the peak in the late 1989 and early 1990 absorbed more 
than 500 hectares of land. Then the building starts slid quickly down in the early 1990s and 
stabilized with smaller additions to office floor space (roughly 155 hectares a year) in the last 
half of the 1990s.  
 
In the 1980s office land in central Tokyo was approximately $25,000 per square foot. As the 
recession progressed, Tokyo office market rents at the end of 1992 were, on average, about 
$8600 per square foot. The vacancy rates of large-scale office buildings of the greater Tokyo 
area reached a peak around 14% in the late 1994 and that of the Tokyo city reached 9.8%. Due 
to the decline in office rents in the Tokyo city, the average rent was about $4,500 per square 
foot. This was only one-fifth to one-sixth of the rent a few years earlier as the recession set in. 
According to the Tokyo Metropolitan Government and Ikoma Data Service System, the office 
vacancy rate of Tokyo had fallen to 6 percent by the fall of 1999.  
                                                 
3 The Great Tokyo includes the city of Tokyo, Kanagawa, Chiba, and Saitama Prefectures. 
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On the other hand, as consumer prices in general rose steadily from the early 1980s to the mid-
1990s, urban residential land prices hit a peak in 1991, while residential land prices hit a peak 
in 1990. Afterwards, the market was in recession. In 1996, the nominal gross residential 
investment reached a peak of 30 trillion yen. But even though the absolute investment yen 
value reached a peak at this time, the percent of nominal Japan GNP growth was rather low in 
terms of trends at 6%. The portion of the nominal Japan GNP represented by private nominal 
residential investment was even lower at approximately 5.6%. The public sector investment in 
housing represented about 0.4% of the GNP of Japan or approximately $16 billion (at 125 yen 
to US$). Tokyo was still the leader in the price of residential land (525,400 yen) in 1997, 
according to the Japan National Land Agency. Leading players in Japan housing developers in 
the 1990s included Daikyo, Dia Kensetsu, Mitsui Fudosan and Towa Real Estate Development.  
 
Stock and property stock markets 
The Japanese stock market is characterized by several prominent features. First, stock prices 
have been extremely volatile over the past years. Second, the market is dominated by cross-
shareholdings and stagnant individual stock ownership. Finally, a number of foreign entities 
and institutions have become members of the Tokyo Stock Exchange. 
 
With the bubble economy expanded in late 1980s, stock prices were rising with the help of 
falling interest rates and corporations were responding by actively executing capital increases. 
In this period, regional and private companies carried out large-scale equity financing activities 
in Japan and abroad when stock rallied. Therefore, the trading volume and the transaction 
value both rose during this period. When the market plunged down in the 1990s, these 
companies largely refrained from such actions. In this situation, stock price fluctuations were 
evident, either before 1990 or after 1990. 
 
When the Japanese economy was in serious trouble, the government tried to raise prices in the 
stock market by ordering public sector financial institutions to buy stocks. This gave chance 
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for some prominent companies to lead the market. In 1996, the market rose to a peak and then 
continued to decline until 1998. Then the market went up again through 1999. The peak could 
be a comprehensive result of financial reforms, interest rate liberalizations, and regulation 
relaxations. Then the market exhibited a two-tier trading trend. This bipolarization of weak and 
strong performing stocks has simultaneously taken shape between different industries and 
between different companies operating within the same industry. The market, however, 
reflected the fact that the property sector was unfortunately still on the weak tier. 
 
Despite of the poor performance of the property sector, there has been a long history for many 
Japanese real estate companies offer securities under the real restate sub-sector of the stock 
exchange. Some of the larger and older Japanese companies that have offered stocks are Mitsui 
Real Estate Development, Mitsubishi Estate Co., Sumitomo Realty and Development Co., 
Tokyu Land Co., Tokyo Tatemono Co. Other real estate companies that have listed stocks on 
the stock exchange include those newly formed joint ventures. Table 3.1 details the established 
year and listed year of these companies.    
 
Table 3.1   A Sample of Large Listed Japanese Real Estate Companies 
Company Established year Listed year 
ANA Real Estate Co. 1961 1989 
Diamond City 1969 1989 
Dia Kensetsu 1976 1989 
Mitsui Real Estate Development 1941 1949 
Mitsui Real Estate Sales Co. 1969 1989 
Mitsubishi Estate Co. 1937 1953 
Sumitomo Realty and Development Co. 1949 1970 
Tokyu Land Co. 1939 1956 
Tokyo Tatemono Co. 1896 1949 
Source: Hines, M.A. (2001) Japan real estate investment, Quorum Books, London. 
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3.4   Singapore 
 
Macroeconomic condition 
Singapore is a planned city-state and has undergone rapid change and development in recent 
years. Since independence in 1965, it has made significant progress in the economic and 
political arenas. As one of the four Asian tiger economies, its real GDP grew at an average of 
8.6% per annum between 1965 and 1999 and per capita GDP rose about eight-fold, from 
around S$4000 in 1965 to over S$32,000 in 1999. Singapore has a strong capability for long-
term economic growth as revealed from the 1999 competitiveness ranking. The Global 
Competitiveness Report (2001-2002) reported the most competitive world economy to be 
Singapore, with Hong Kong slipping to number three while the U.S. has risen to second place. 
The report also identified Singapore to be the first and the second in the areas of FDI / 
technology transfer and overall infrastructure quality respectively. Figure 3.4 provides a 
review of the rapidly growing industrial production of Singapore over the past 16 years, in 
comparison with that of Hong Kong, Japan and UK.  
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The Singapore economy has proven to be able to adapt to the various challenges and priorities 
faced by the Republic at different points since its independence. Between 1965 and 1970, the 
government pursued the liberal trade and foreign investment policies. Specifically, investments 
that focused on labor-intensive industries had created job opportunities for the large number of 
unemployed. As its unemployment rate reduced by the early 1970s, the Singapore government 
was able to restructure the economy through focusing on capital- and skill- intensive 
investment activities.  
 
In the 80’s, several policies were introduced to diversify the economic base by promoting the 
services sectors such as business and financial services. As a result, the importance of the 
services sectors in the Singapore economy rose steadily during this period, especially over the 
past one and a half decades. In the late 1980s, Singapore developed as an international 
financial center. Over those years, its sound economic and financial fundamentals, strategic 
locations and other conductive political and institutional factors had attracted many reputable 
international financial institutions to set up operations in Singapore. According to the latest 
data of Singapore department of statistics in 2003, financial services account for 11.3% of 
Singapore’s GDP.  The presence of about 700 local and foreign financial institutions has 
contributed to the vibrancy and sophistication of Singapore’s financial industry.  
 
During this period, Singapore economy was on the path of high growth. This rapid growth had 
continued into the mid-1990s before the 1997 Asian financial crisis. Singapore dollar 
appreciated when the economic grew fast. Its exchange rate to US dollar reached about 1.3995 
at the end of 1996, whereas the rate was 2.1675 ten years ago. The increasing margin of the 
Singapore dollar value, however, narrowed around 1995 when the economic growth evidently 
slowed down. From mid-1991, interest rates began a gradual decline, mirroring interest rate 
trend in the US, and aided by excess domestic liquidity. Several rounds of interest rate cuts 
resulted in the prime rate declining to 5.55% and 5.34% at the end of 1992 and 1993 
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respectively which were the lowest levels of the past decade. This can be observed in Figure 
3.5.  
 
Although the financial turmoil had strong negative influences on its growth, Singapore 
economy has recovered gradually from the speculative attack since 1999. From 1999 to 2000, 
current GDP increased about 14.83% per annum. In 2000, the industrial production index also 
reached a peak which was unprecedented. In the 21st century, Singapore has adopted several 
new IT policies and initiatives to prepare the country to progress into a knowledge-base 
economy. These policies include strengthening the investments in high-tech sectors and 
improving the education system. Another important feature of the revised labor market policies 
is the efforts and resources that are being invested to attract foreign talents to Singapore.  
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Property market 
The Singapore property market is generally consists of residential, commercial and industrial 
sub-market. It has developed in tandem with the economy. Both the 1970s and 1980s 
experienced tremendous growth in the economy, to which commercial and industrial property 
developments contributed substantially. Since the 1980s, Singapore has gone through two 
distinct periods when residential property price movements had risen and fallen in tandem with 
Singapore’s real GDP growth. From 1983 to 1993, private residential prices rose by 82%, and 
from the trough in 1986, prices are up by 156%. Driven by a combined influence of high 
prospective capital gains and low interest rates, private property prices has followed an almost 
uninterrupted uptrend since 1986, with only a temporary halt in their advance occurring during 
the Gulf War in 1990. From 1989 to 1993, private property prices grew at an annual rate of 
15%, outpacing growth in wages of 8.7%. The rapid escalation in private property prices has 
undermined consumer sentiment and led to deterioration in affordability indexes. At this stage 
of the cycle, the market was extremely vulnerable to interest rate hikes. As property prices 
became skyrocketing, investment purchases increasingly turned speculative, with investors 
selling their options on new property developments for handsome profits. The government 
hence introduced anti-speculation measures in the residential market in May 1996, which 
along with the financial crisis, caused prices of the different real estate markets to decline 
substantially in latter years. 
 
On the other hand, commercial real estate as a significant asset of the Singapore economy 
experienced several cycles over the same period. The URA4 defines commercial real estate to 
include office and retail properties. The office market has experienced two full cycles of boom 
and bust since the 1970’s in line with the economic cycles. The market peaked in 1973, 1981 
and 1990. The market was going through a stage of consolidation from 1991 to 1993 before 
                                                 
4The URA represents the Urban Redevelopment Authority of Singapore, which is the national planning agency 
responsible for the comprehensive commercial development in the Republic. It acts as agent for the Government in 
carrying out land sales for commercial, hotel, private residential, and industrial developments. It also sells sites for 
special uses such as heavy vehicle parks, conservation shop houses and recreational developments. 
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surging up from end 1993 to the second half of 1995. The office market has continued to 
improve after 1999. The movement in the retail property prices displays similar trend. In 
addition, the price movement in the two markets closely followed the growth in the GDP. The 
mismatch between demand and supply was the primary key force shaping the peaks and 
troughs of each cycle, with disequilibrium causing short-term fluctuations in price and rent. 
For example, the historical annual average supply of office space over the 14-year period from 
1985 to 1998 was about 192440 sqm while the historical annual average take-up rate over the 
same period was about 168192 sqm. In 1994, a record of 279000sqm of office space was taken 
up. The strong demand for office space in 1994 is attributable to the relocations of many 
MNCs from Hong Kong to Singapore, expansion of office space by MNCs in Singapore, 
increasing importance of Singapore as a regional center, the strong economic performance of 
the regional economies and Singapore’s strong economic performance in 1993 and 1994. The 
occupancy rate in the office market reached the highest of 94.1% in the third quarter of 1995. 
Thereafter, due to the imposition of anti-speculation measures on the residential property 
market, slower economic growth and increase in corporate closure, the demand for office 
space fell and occupancy rate reported the lowest of 83.9% in the first quarter of 1999.  On the 
retail front, the fluctuation in the occupancy rate was in the region of between 87% (3rd quarter, 
1996) and 90.9% (4th quarter, 1999). The sector has been plagued by weak market sentiments 
since the mid 1990s.  Recovery of the retail sector looks more unlikely in the near future as the 
regional economic and political uncertainties persist.  
 
The commercial real estate is important to the Singapore economy nowadays though it is still 
on the path of slow recovery. As of the 4th quarter of 2002, the stock of total completed 
commercial space stood at 9.62 million square meter (sqm). Of this, about 6.48 million sqm 
was office space while the remaining 3.14 million sqm was retail space. Compared to that of 
2001, the commercial space grew by 2.8% in 2002. The estimated capital values of the office 
and retail spaces at December 2001 were approximately S$51.6 billion and S$34.8 billion 
dollars respectively. They were about 37 per cent and 25.1 per cent of the Republic’s Gross 
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Domestic Product (GDP) in the same year, and the sum total (S$86.4 billion) was about 1.2 
times 2001’s gross national savings.  
 
Stock and property stock markets 
The economic and financial environment has had significant influences on the Singapore stock 
market. The stock market shocks in 1987, 1990 and 1991 substantially increased the volatility 
of Singapore stock returns. Then, the 1997 financial crisis hurt the market to a considerable 
extent. Singapore broad stock market lost approximately half its value in the subsequent year.  
 
The strong performance of direct properties in the 1990s was translated into higher profits and 
better performance return for many property stocks listed on the Singapore Stock Exchange 
(SGX). The significance of commercial real estate was magnified further as between 9-15% of 
the value of the stock market was derived from the traded real estate investment and 
development companies on the Singapore Stock Exchange over the past years. However, the 
property market distress has also been reflected in the stock market during 1996 and 1997. 
Afterwards, property stocks similar to the direct property market have been in a volatile 
recovery period. As at December 2002, the entire property stock sector accounted for 
approximately 5% of SGX’s (Singapore Stock Exchange) market capitalization. The majority 
of the listed property companies represent a combination of investment and development, 
including stocks of companies with substantial commercial real estate ownership such as 
CapitaLand (20.15% of property stock market capitalization), City Developments (24.03% of 
property stock market capitalization), Keppel Land (4.98% of property stock market 
capitalization), Singapore Land (7.84% of property stock market capitalization), and United 
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3.5   United Kingdom 
 
Macroeconomic condition 
In the 1950s and 1960s, financial stability in the United Kingdom and other major economies 
was largely maintained by the exchange rate link to a low inflation dollar under the Bretton 
Woods system. This exchange rate commitment ensured that UK economic policy was 
consistent with low inflation. This fixed exchange rate regime, along with the stable 
international economic environment and non-inflation low unemployment rate ensured the UK 
economic growth in this period. With the disappearance of the three conditions in the late 
1960s and early 1970s, UK adopt the floating exchange rates and its unemployment rate began 
to grow to be consistent with low and stable inflation. Finally, with a wave of commodity price 
inflation, the oil-price shock of 1973 and 1974 occurred and completely undermined the 
harmonious economic climate of the 1950s and the 1960s. During 1977 and 1978, the Labour 
Government achieved some success in restoring financial stability. However, neither the 
reduction in inflation nor the squeeze on public borrowing was sustained.  
 
The 1980s and early 1990s were a much more volatile period for the UK than for other major 
economies. The economic volatility partially came from the external shocks such as oil crisis, 
the Gulf War, and the economic fallout of the breakdown of Communism and the unification 
of Germany. In addition, the economic boom in the late 1980s and the following recession in 
early 1990s were responsible for the excessive volatility of the UK economy. In the three years 
1986 to 1988, the economy grew at an average rate of 4.5% a year and consumer spending rose 
at an annual rate of 6.5%. Interest rates then were raised to 13% during 1988 and to 15% in 
1989, which succeeded in slowing the economy down. However, the inflationary 
consequences of the boom continued until 1990, by which time the economy was already 
moving into recession. In the latter years, GDP fell by over 2% in 1991 and unemployment 
climbed to nearly 3 million by the end of 1992.  
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UK inflation fell sharply to around 4% by the beginning of 1992 and interest rates also moved 
down. However, recovery was not apparent during 1992. The UK monetary framework then 
operated reasonably well over the four years from 1993 to 1996, with underlying inflation 
averaging 2.8%. In this period and thereafter, the UK economy has grown steadily and 
unemployment has fallen by a third, with the inflation and interest rate having kept at the 
average levels. Figure 3.6 provides a review of the inflation, interest rate and exchange rate 
from the late 1980s.  
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Property market  
UK property market experienced a boom period in the later 1960s and early 1970s, though 
economy slide down at that time. The next property market boom was seen from 1985 to 1989, 
during the economic boom of the late 1980s. The recovery of property market was caused by 
deregulation of the financial and property sectors. There were more property market 
participants than before because the investors saw the prosperous yields on real estate. At this 
time, the performance of properties also attracted the real estate financiers to lend to the sector. 
During the two years from 1985 to February 1987 outstanding banks loans to property 
companies rose by 30.63% per annum; this accelerated during the late 1980s to an average rate 
of 50.68% for the three years to February 1990. It was estimated that by Autumn 1988 about 
100 banks wanted to lend money to property developers. The growing lending, however, 
indicated speculations in the property boom.   
 
However, in October 1989, Nigel Lawson raised bank base rates to 15%. The market recession 
then followed at the end of 1989, with the bank base rates raised. The property prices severely 
reduced due to the heavy debt on the property companies. The interest rate hike, which was 
used to reduce the inflation, heavily affected the property market. 
 
At the beginning of 1990, the British property crash covered all the sub-sector such as 
residential, commercial and industrial. The impact was so wide that it could slow down the 
economic recovery in later years. But the fall in interest rates in 1992 helped to stimulate 
investment activity, and hence benefited the property market. Property companies took 
advantage of the booming stock market to repair their balance sheets, making about £2 billion 
of equity and debenture issues during the year, the highest level since 1987. As a result 
outstanding bank loans to property companies, which had peaked at just over £41 billion in 
May 1991, had fallen to £33.5 billion by March 1994. However, the banks continued to steer 
clear of the market, the lack of bank finance proving a significant constraint on the sector’s 
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recovery. The property market therefore has been on the way of weakly recovery, which is 
linked to the economic conditions.  
 
Stock and property stock markets 
London Stock Exchange is the main exchange of UK equity market. Performance of the UK 
stock market is generally measured by the FTSE index. The FTSE ALL share index is a 
capitalization-weighted index. It consists of 353 members and its total market capitalization 
was 1.16 trillion pounds as at July 2003. The economic conditions and the financial market 
crash have affected the market performance over the past years.   
 
The property boom of the late 1960s and early 1970s and late 1980s stimulated financial 
innovation, which comprises real estate securitization and unitization. The October 1987 stock 
market crash caused considerable unease not only in property but also in the financial market. 
Between Black Monday and December 4th 1987 property shares fell by 29% in absolute terms 
and 4% against the FTSE All-share index. The shares of the most property development 
companies were hardest hit. The crash hit trader-developers particularly hard, but had less 
effect on the “ asset-based warhorses”, which had gone through their rapid growth phase 
during the 1950s and 1960s. The number of the listed property companies has increased over 
time. At December 2002, the market capitalization of the total sector is about 1,661 million. 
 
 
3.6   Summary 
 
This chapter has provided a review of the macroeconomic situation, property and stock market 
in the four economies included in this research. The strong knowledge about the markets helps 
understand the issues tested in this study. Briefly, there are several main findings. First, 
property stocks in Hong Kong, Japan, Singapore and UK have developed in tandem with the 
economic conditions. Second, fluctuations in the financial and money markets have impacted 
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on the behavior of the four property stock markets. Policy makers have played a role in 
influencing the direct property market through using money policies and this in turn has 
affected performance of property company shares. In conclusion, this chapter provides a signal 
that property stock excess returns are generally related to changes in macroeconomic 
conditions and hence this research is meaningful. Additionally, it is useful for the latter 
chapters of this study pertaining to choice of the possible macroeconomic variables and 
interpretations of the empirical results. 
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CHAPTER FOUR   DATA AND METHODOLOGY 
 
 
4.1   Introduction 
 
This chapter describes the data used and the methodology employed in the research. It begins 
with property stock data descriptions, followed by the macroeconomic variable definition, 
selection and construction as well as the basic descriptive statistics. Then section 4.3 discusses 
the analytical process, model building, and econometric techniques employed in this research. 
The final section concludes chapter. 
 
 
4.2   Research Data: Sources, Definition, and Descriptive Statistics   
 
4.2.1   Property Stock Indexes and Risk-free Rates  
 
Property stock price index is used to derive returns of property stocks. In this research, 
property stock indexes of the four countries are price indexes of real estate sectors listed on the 
respective stock exchanges. They are weighted portfolios of listed property company shares. 
The indexes to be used here are Hang Seng Properties for Hong Kong market, Tokyo SE Real 
Estate for Japan market, SES All-Singapore Properties for Singapore and FTSE Real Estate for 
United Kingdom. All the data series are taken from DataStream.  
 
To calculate the excess returns on property stocks, it is necessary to know the appropriate risk 
free rates. Generally, three-month Treasury bill rate is always used as risk free rate. Here, 
three-month Treasury bill is used as a proxy for the risk free asset in Singapore and United 
Kingdom market. However, it is not available for Hong Kong and Japan over the full study 
period. Due to the data availability problem, three-month Euro-yen deposit rate is chosen as 
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the risk free rate for Japan. For Hong Kong, three-month Exchange fund bill rate as a proxy of 
risk free rate does not span over the full study period, and even the three-month Euro-HK$ 
deposit rate was available just after 1997. Hence in Hong Kong, the three-month deposit rate is 
used as a nearest series5. The data series of risk free rates are also taken from DataStream. 
Table 4.1 provides a summary of property stock indexes and risk-free rates for the four 
countries. 
 
Table 4.1   Property Stock Price Index and Risk-free Rate 
Country Name Source 
 Property Stock Price Index 
Hong Kong Hang Seng Properties DataStream 
Japan Tokyo SE Real Estate DataStream 
Singapore SES All-Singapore Properties DataStream 
United Kingdom FTSE Real Estate DataStream 
 Risk-free Rate 
Hong Kong Three month Deposit rate DataStream 
Japan Three month Euro-Yen Deposit rate DataStream 
Singapore Three month Treasury Bill rate DataStream 
United Kingdom Three month Treasury Bill rate DataStream 
 
There is a long history of property stock index in Japan, Singapore, and United Kingdom, 
while Hong Kong property stocks have experienced a relatively shorter time period. The Hang 
Seng property stock index was constructed from April 1986. With the excess return series 
starting from May 1986, our study period covers 17 years from May 1986 to March 2003. 
Taking on the analysis for different countries during the same time period would help us to 
make comparisons across the markets. 
                                                 
5 As the three-month Exchange fund bill rate is generally used as the most appropriate proxy of risk free rate for 
Hong Kong, correlation is calculated between the three-month deposit rate and the three-month Exchange fund bill 
rate to clarify the three-month deposit rate as a near series to the three-month Exchange fund bill rate. The three-
month Exchange fund bill rate is available from June 1991, and the correlation coefficient is 0.9841 during the 
period of June 1991 to March 2003. This means that fluctuations of three-month deposit rate are significantly close 
to the movements of three-month Exchange fund bill. 
 
Similarly, the correlation coefficient is calculated between Japan three-month Euro-yen deposit rate and three-
month Gensaki rate. The correlation coefficient is 0.9979 from September 1990 (where the series of three-month 
Gensaki rate starts in Datastream) to March 2003.  Hence, it is believed that Japan three-month Euro-yen deposit 
rate and Hong Kong three-month deposit rate are appropriately used in this study as risk free rates.      
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4.2.2   Property Stock Excess Returns 
 
From the monthly time series of the price indexes, returns on the property stocks are derived as 
the first difference in the natural logarithm of the indexes. Then, excess returns on property 
stocks are calculated from the returns minus monthly yields to risk-free assets6. There are 
advantages of using monthly data: monthly data tend to better reflect long-term movements in 
volatility than higher frequency data and avoid the problem of settlements and clearing delays 
(Baillie and DeGennaro, 1990).  
 
Table 4.2 presents the descriptive statistics of monthly excess returns on the four property 
stock portfolios over the study period. During the full period, only Hong Kong property stocks 
report an average positive excess return of about 0.3% per month. The negative excess return 
on Japanese property stocks is not so surprising because of the tough period after bubble from 
the early 1990s. In Singapore, it is possible that the negative excess return was caused by 1996 
anti-speculation policy and severe 1997 financial attack. The negative excess return of 
property stocks in United Kingdom partially could be a result of 1987 stock market crash and 
poor performance of physical property market in recessions. Higher volatilities can be 
observed in developing economies of Hong Kong and Singapore. Comparing to the Asian 
counterparts, UK property stock excess returns exhibit lower variance in the study period. 
Distributions of the excess returns show some evidence for skewness and leptokurtosis.   
 
The Jarque-Bera and Ljung-Box Q statistics are used to test the null hypothesis of normality 
and white noise in data series. Based on the Jarque-Bera statistics, the hypothesis of a normal 
distribution is rejected for Hong Kong, Singapore, and UK property stock excess returns at the 
1% significance level. The Ljung-Box Q test cannot reject the null hypothesis of strict white 
noise for Japan and United Kingdom but does reject it for lags of 12 and 18 in Hong Kong 
                                                 
6 The risk free rates are quoted as annual rates in Datastream. The annual rate is converted into monthly yield for the 
purpose of calculating monthly excess return on property stocks. If the annual risk free rate is RF, the monthly yield 
is defined as [(1+RF)(1/12)-1]. 
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excess returns, and also for lags of 12, 18 and 24 in Singapore data series. Hence, application 
of the GARCH type model on property stock excess returns may be appropriate.  
 




 Hong Kong Japan Singapore United Kingdom
Mean 0.003 -0.008 -0.002 -0.004 
Std. Deviation 0.117 0.088 0.104 0.061 
Maximum 0.452 0.207 0.477 0.150 
Minimum -0.620 -0.299 -0.389 -0.378 
Skewness -0.700 -0.211 0.286 -1.345 
Kurtosis 8.449 3.254 8.281 8.904 
Jarque-Bera1 269.089*** 2.064 239.856*** 355.966*** 
Ljung-Box Q Statistics2     
Q (6) 5.68 1.25 7.72 6.76 
Q (12) 22.02** 4.65 27.30*** 14.98 
Q (18) 28.45* 13.70 30.43** 19.15 
Q (24) 30.38 16.17 33.16* 22.74 
1. The large Jarque-Bera statistics leads to the rejection of the null hypothesis of normal distribution. 
2. Ljung-Box Q tests the null hypothesis of white noise for lags of 6, 12, 18 and 24 in the four excess return series. 




4.2.3   Macroeconomic Variables: Variable choice, Definition and Sources 
 
Macroeconomic variables used in this research are a set of prespesified macroeconomic 
indicators. A discounted cash flow model is a starting point to identify the macroeconomic 
variables. Chen, Roll and Ross (1986) (CRR) use it to determine the exogenous economic 
forces that affect stock returns through their influence on future cash flow and the discount rate. 
The identified economic forces may be viewed as systematic factors. With the CRR variable 
sets as a template, a great deal of research has enumerated various likely systematic factors 
that help explain asset returns. The choice of the macroeconomic variables used in this 
research follows previous empirical evidence and is based on the availability of the variable 
observations. In addition, the variable choice is based on the considerations of general 
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economic rationale. This research proposes a set of macroeconomic variables that are relevant 
indicators of national production sector, money market and financial market. The set of 
macroeconomic variables are hypothesized to jointly affect property stock returns. These 
variables are:  
(a) Growth in gross domestic product (GDPG) 
(b) Industrial production growth (INDPG) 
(c) Unexpected inflation (UINFL) 
(d) Interest rate (INTR) 
(e) Money supply growth (M2G) 
(f) Change in exchange rate (EXCHG)  
 
A detailed introduction of these macroeconomic variables should be provided here now: 
 
(a) Growth in gross domestic product (GDPG) 
Gross domestic product is a measure of all currently produced final goods and services 
evaluated at market prices. As its definition specifies, GDP is an aggregated value of all the 
industries in an economy. It is a most commonly used economic performance indicator. Since 
real estate is a significant asset of a nation’s economy, the economic growth should reflect the 
property market conditions. As a result of this, the GDP growth would have predicative power 
to returns on property stocks. It seems easy to understand the relationship between the GDP 
growth and property stock returns. If a country is currently in high economic growth, there 
should exist several reasons for the property stock market booming. The high economic 
growth strengthens the confidence within the economy and this would stimulate the demand in 
property market. First of all, firms would require more space for expansion purpose with the 
investment level growing. High economic growth and confidence in the economy would also 
improve household income and consumption level. Then considerations of house purchasing 
and upgrading would result in high demand for properties. The increasing demand of space 
would produce high profits for the property companies and hence push up the market 
expectations of future cash flows. One therefore can expect the returns of property company 
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shares would be high during such expansionary periods. On the other hand, once the rapid 
boom happens in direct property market due to a rationale economic growth, there would be an 
upward trend in the demand of property company shares as well. The property stock price 
might rise because of the mismatch of demand and supply and hence the returns on property 
stocks would be affected. Overall, higher excess returns to property stocks may be expected 
under prosperous economic conditions.  
 
While a higher GDP growth itself would be a predicator of higher excess returns to property 
stocks, the conditional volatilities of growth in GDP however, cannot be arbitrarily supposed 
to be positively related to the returns. It would depend on the ability of investor’s expectations 
of the excess returns during various economic conditions. The relationship hence could differ 
across economies. In periods of economic recessions, investors tend to be more uncertain how 
to interpret the economic fundamental information and hence the higher variances in economy 
would be associated with lower expectations of property stock returns during the periods. 
However, in relatively good periods information is less noisy and there exists a strong market 
consensus in future returns due to the high confidence in the economy. In addition, investor’s 
attitude to macroeconomic risk also affects the market expectation. Conventional financial 
theory asserts that investors would be compensated by more returns if they were exposed to 
higher risks. This implies that a higher return would be required when the property stock 
market becomes riskier. If the riskier property stock market is caused by the economic 
instability, one can expect economic volatility is positively correlated with the expected excess 
returns of property stocks. But the investors could be better able to bear economic volatilities 
after some risky periods and then a higher economic risk would not necessarily lead to a higher 
risk premium any more. To conclude, the relationship between the conditional variances of 
GDPG and the property stock performance should be determined empirically in individual 
country.  
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Since property stock values should depend on the economic growth conditions, it is plausible 
that changes in the uncertainty about future economic growth would produce variations in 
property stock volatilities. Thus, the GDPG volatilities can be assumed to have a positive 
relationship with the conditional variances of excess returns on property stocks. For each of the 
four countries, the seasonal adjusted GDP of current price is used in this research.  
 
(b) Industrial production growth (INDPG) 
Industrial production index is a measure of the production sector of an economy and also 
indicates the national economic growth. This measure reflects the activities of all the industries 
in a country. Specifically, industrial production is viewed as determining future cash flows. It 
has been widely used as a systematic drive underlying asset returns in previous literatures. 
Similar to GDPG, the industrial production growth is expected to positively relate to the excess 
returns. But so far, we do not postulate the direction of relationship between conditional 
variance of industrial production growth and the expected excess returns. However, the 
conditional volatility of INDPG should be an important determinant of property stock 
conditional variance and this it would indicate a positive relationship.     
 
(c) Unexpected inflation (UINFL) 
Inflation is considered important in the asset pricing of stock market and real estate market. It 
is generally measured by changes in Consumer Price Index (CPI)7. The CPI measures the retail 
prices of a fixed “market basket” of several thousand goods and services purchased by 
households. The inflation is usually separated into two parts: the expected inflation effect and 
the unexpected inflation. Ferson and Harvey (1991) argue that unanticipated inflation could be 
a source of economic risk and, as a result, a risk premium will also be added if the stock of 
firms has different exposure to the unanticipated inflation.  
 
                                                 
7 Retail Price Index (RPI) usually measures inflation rate of UK. It therefore is used to calculate the inflation of UK 
in this research.  
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There have been considerable studies investigating the relationship between the unexpected 
inflation and the returns of stocks or real estate related assets. Various arguments exist for why 
the investors might be compensated by the unexpected inflation or not. For example Kessel 
(1956) argues that unexpected inflation is to the benefit of the stockholders of firms that are 
net debtors. That means unexpected inflation should benefit the common stock of firms that 
have made more long-term commitments to pay fixed nominal amounts than to receive them. 
This hypothesis of net debtor-creditor is difficult to implement empirically since a firm might 
have long-term contracts to purchase labor, raw materials, and capital, to sell products, and to 
finance by the means of bank borrowing. Nevertheless, Kessel’s argument provides some 
theoretical possibility for explaining the effects of unexpected inflation on the property stock 
returns here. It seems that the effects should depend on the forms of property company income 
and payment streams. Empirical literature provides no clear answer to the unexpected inflation 
impacts on asset returns. A group of research has confirmed the inflation hedge ability of 
assets especially the real estate (Fama and Schwert, 1977; Hartzell, Hekman and Miles, 1987; 
Ganesan and Chiang, 1998; Sing and Low, 2000). However, other studies found real estate 
failed to hedge against unexpected inflation (Brueggeman, Chen and Thibodeau, 1984). The 
securitized real estate is found providing no effective inflation hedge, for example in USA 
(Kapplin and Schwartz, 1995; Glascock and Davidson, 1995) and in Singapore (Sing and Low, 
2000). Based on the discussion above, the relationship of the unexpected inflation and the 
property stock markets could vary across different countries. 
 
(d) Interest rate (INTR) 
As a good proxy of market indicator, interest rate is assumed to contain information about 
future economic conditions and to capture the state of investment opportunities. This economic 
indicator is selected here because it would have effects on both the future cash flow to property 
stocks and the discount rate. Interest rate effect is a dilemma in economic theory. Generally, a 
higher interest rate would increase debt service of property companies and that would 
influence future net income. The higher interest rate would affect investment activities of 
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property companies; on the other hand a higher mortgage rate would hurt demands for 
properties. Therefore, profits of property companies will be reduced in turn. And in a higher 
interest rate environment, other assets would be competitive to property stocks. Because of 
these reasons, property stock returns will be responsively lower. In this case, interest rate is 
expected to negatively affect excess returns on property stocks. However, there is an argument 
in economics, which asserts that higher interest rates will increase the income to investors in 
money market funds and then stimulate the economy. Based on this argument, a higher interest 
rate will bring more income to investors in money market, and increase demands. Thereby, the 
higher interest rate will lead to higher stock returns since the growth in demands and economy 
will result in property market and stock market boom. Empirical evidence provides a 
confirmation of the dilemma of interest rate impacts on stock market returns, real estate 
markets, and securitized real estate (McCue and Kling, 1994; Li and Wang, 1995; Mueller and 
Pauley, 1995; Ling and Naranjo, 1997; Lizieri and Satchell, 1997b; Devaney, 2001; Swanson, 
Theis and Casey, 2002). Significance and direction of interest rate influence lacks consistency 
in the previous literature. It appears therefore that interest rate effects on property stock 
markets should be determined empirically. As a base of the mortgage rate and deposit rate, 
prime lending rate would be a good proxy of the interest rate and hence is used in the research. 
 
(e) Money supply growth (M2G) 
There exists sufficient economic rationale to include money supply as a relevant 
macroeconomic force. Based on economic arguments, the money supply is related to the 
property stock market in several ways. One theoretical basis is the portfolio balance model. 
Increased money supply leads to a portfolio rebalancing towards other real assets, such as 
stocks including the property stocks. The property stock returns hence would be affected by 
this asset reallocation through the consequence of upward pressure on the stock prices. On the 
other hand, increases in money supply may lead to greater inflation uncertainty, and thus could 
have an adverse impact on the property stock market. More specifically, a higher growth in the 
money supply may lead to an inflationary environment and then lower the property stock 
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prices because of higher expected future discount rates. The excess returns therefore are 
negatively affected. However, the money growth might stimulate the economic growth in a 
short period, which would increase expected cash flows and then offset the negative effect on 
prices and returns. But they at once qualify this by the fact that cash flows do not rise at the 
same rate as inflation. Whether there is a negative or positive effect on stock markets depends 
on how expansionary effects of monetary policy are taken into account (Canova and De 
Nicolo, 1997). The effects of money supply growth hence, as well as the inflation and interest 
rate impacts, seem to be empirical issues across countries. M2 is a broader measure of money 
and is used in this research. 
 
(f) Change in exchange rate (EXCHG)  
Exchange rate, as an important indicator of economic activity, should have explanatory power 
on asset returns. The expected relationship between exchange rate and property stock market is 
in puzzle8. An appreciation of local currency is expected to decrease exports and profits and 
then leads to lower economic growth. As a signal of the sluggish economy, property stock 
prices will be hurt, and so are the returns. In this sense, the appreciation of local currency 
would be negatively linked with the excess returns on property stocks. But there also exist 
possibility that the currency appreciation would lead to a higher return. Decrease in the cost of 
imported goods may be beneficial for a country with substantial trade relations, like e.g. 
Singapore, and this would lead to the possible existence of the positive link. This then could 
help the stock market. Exchange rate is measured as local currency to US$ for the four 
countries in this study. 
 
All the above macroeconomic variables are taken from Datastream and checked with the 
released data series by statistics and monetary authority of each country. Table 4.3 provides a 
                                                 
8 Bodurtha, Cho and Senbet (1989) elaborate the economic linkage between real exchange rate and stock returns on 
the base of demand-side and supply-side interpretation. They also expect that the determination of the sign of the 
relationship remains an empirical issue. 
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summary of the macroeconomic variables that are included in the research and the expected 
relationship between the variables and excess returns on property stocks.  
 
Table 4.3 Summary of the Relationship between the Macroeconomic Variables and 
Excess Returns on Property Stocks 
 
Symbols Macroeconomic Variables Expected sign of the relationship 
GDPG Growth in GDP + 
INDPG Industrial production growth + 
UINFL Unexpected inflation +/- 
INTR Monthly interest rate +/- 
M2G Money supply growth (M2) +/- 
EXCHG Change in exchange rate +/- 
 
 
                                                
 
4.2.4   Construction of Macroeconomic Variables 
 
The steps to construct the macroeconomic variables are as follows. Before proceeding into the 
construction process, we first check seasonality for the basic series that are directly taken from 
Datastream. Those series that have not been seasonalized will be seasonally adjusted9.  
 
Growth in gross domestic product is computed as the geometric mean difference between 
successive monthly series. For the four countries, the GDP data are available on quarterly basis. 
Thus, the GDP data is converted from quarterly to monthly, and then the monthly data is used 
to construct GDPG series. Quadratic-match average method is a simple and well-performed 
method to convert low frequency data into higher frequency. The method fits a local quadratic 
polynomial for each observation of the low frequency series, and then uses this polynomial to 
fill in all observations of the high frequency series associated with the period. The quadratic 
polynomial is formed by taking sets of three adjacent points from the source series and fitting a 
quadratic so that either the average of the high frequency points matches to the low frequency 
data actually observed. For most points, one point before and one point after the period 
 
9 The data series are seasonally adjusted by X-11 census method. 
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currently being interpolated are used to provide the three points. For end points, the two 
periods are both taken from the one side where data is available (See also the Eviews). After 
converting the quarterly data to the new monthly data, we check the accuracy of the frequency 
conversion method to ensure the newly derived monthly data can be used further10.  
 
Industrial production growth is defined as the geometric mean difference between successive 
monthly industrial production indexes. Monthly industrial production indexes are available for 
Japan, Singapore and United Kingdom. But for Hong Kong, only quarterly data is available. 
The quadratic-match average method is repeated here to derive monthly industrial production 
index for Hong Kong market11.  
 
Unexpected inflation is estimated as the residuals from a one-lag autoregressive model of the 
observed inflation. The inflation is measured by Consumer Price Index for Hong Kong, Japan 
and Singapore and Retail Price Index for UK. It is defined as the first difference in the natural 
logarithm of successive monthly CPI or RPI. This study follows Fama and Gibbons’ (1984) 
definition12  for the unexpected inflation but simplifies the estimation process for it. It is 
defined as the difference between the realized inflation during period t and the expected value 
of inflation at the beginning of the same period t. Residuals from the one lag autoregressive 
model is viewed as the unexpected component of the inflation13.  
 
                                                 
10 The new monthly data series should be converted back into quarterly, and correlations should be computed 
between the actual observed quarterly data series and the converted quarterly data. To convert the new monthly data 
back into quarterly, a simple arithmetic average mean is used. All the correlations are found to be units. This hence 
indicates the quadratic-match average method is perfectly appropriate for converting quarterly data into monthly 
series.  
 
11 The full process of frequency conversion is repeated here for Hong Kong industrial production index. The 
quadratic-match average method is also found to be appropriate for the data. 
 
12 Fama and Gibbons (1984) IMA (1,1) method is usually used as a way to derive expected inflation and unexpected 
inflation. They use the Fisher equation and time-series analysis to estimate real returns for Treasury bills. Expected 
inflation is defined as the difference between the Treasury bill rate and the fitted expected real return, and the 
unexpected inflation is the difference between the expected inflation and the realized inflation.  
 
13 The one lag autoregressive model is defined as: INFLt=a+bINFL(t-1)+UINFLt . The Unexpected inflation data are 
the residuals that are estimated from this model. 
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Interest rates are monthly yields that are calculated from annual rates. Money supply growth 
and Change in exchange rate are defined as the first difference in the natural logarithm of 
successive monthly data series. Table 4.4 shows a glossary of the definitions, data sources and 
construction process for the macroeconomic variables.  
 
Table 4.4   Glossary and Definitions of Macroeconomic Variables  
Symbols Variables Definitions or Sources
 Basic series 
GDP Gross Domestic Product 
Quarterly series are taken from DataStream. Then, 
monthly series are converted from quarterly series 
using equal step method. 
INDP Industrial Production 
Monthly series are available for UK, Japan, and 
Singapore in DataStream. Statistics for industrial 
production index of Hong Kong is only available on a 
quarterly basis. Monthly series are converted from 
quarterly data series using quadratic-match average 
method. 
INFL Inflation 
Log relative of Consumer Price Index (CPI) or Retail 
Price Index (RPI); CPI or RPI series are taken from 
DataStream 
INTR Interest Rate Prime lending rate; series are taken from DataStream and monthly statistical release 
M2 Money supply DataStream 
EXCH Exchange rate Local currency to US dollars; series are taken from DataStream 
 Derived series 
GDPG Growth in GDP Ln [GDP(t)/GDP(t-1)] 
INDPG Industrial production growth Ln [INDP(t)/INDP(t-1)] 
UINFL Unexpected inflation Residuals from AR (1) on INFL 
INTR Monthly interest rate Calculated from annual interest rate14 
M2G Money supply growth (M2) Ln [M2(t)/ M2 (t-1)] 
EXCHG Change in exchange rate Ln [EXCH(t)/ EXCH(t-1)] 
 
 
4.2.5   Statistics Description of Macroeconomic Variables  
 
Table 4.5 provides the descriptive statistics of the constructed macroeconomic variables and 
the Jarque-Bera and Q statistics.  
                                                 
14 Datastream provides the annual interest rate series. The annual rate should be converted into monthly yields in 
this research. If the annual rate is A, the monthly yield a can be calculated from the equation of [(1+A)(1/12)-1]. 
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Several points are observed from the Table 4.5. Monthly GDP growth is relatively high in 
Hong Kong and Singapore, but the growth is associated with higher volatilities. Changes in the 
exchange rate are all small in the four countries, especially in Hong Kong. It is because that 
Hong Kong dollar is pegged to US dollar to a great extent. Distributions of these 
macroeconomic variables generally exhibit skewness and leptokurtosis. The Jarque-Bera and 
Ljung-Box Q statistics provide strong evidence for rejection of the null hypothesis. With the 
exception of GDP growth in Hong Kong and the industrial production growth in Japan, all the 
other data series have significantly large statistics for Jarque-Bera tests. The Ljung-Box Q test 
cannot reject the null hypothesis of strict white noise for exchange rate changes of UK at any 
of the prespecified lags, while it does reject the hypothesis for other series. The skewness, 
kurtosis, Jarque-Bera and Ljung-Box Q statistics indicate that there is heteroskadasticity in the 
data series. The conventional linear regression therefore could be not appropriate for these data. 
 
Spearman correlation coefficients within the variables are shown in Table 4.6. Significance of 
the correlations is also presented in the Table. It can be seen in the Table that correlations are 
generally significant between macroeconomic variables. On the other hand, changes in 
exchange rate is not significantly correlated with other variables in Singapore and United 
Kingdom, but its correlation with industrial production growth is significant at 10% level in 
the other two countries. To some extent, these significant correlation coefficients among 
variables provide evidence that there exist multicollinearity problems. This, therefore, 
indicates that applying Principal Components Analysis on these variables would be appropriate. 
The analysis method, which will be mentioned later, will create principal components that are 
orthogonal to each other. Application of the derived principal components instead of the 
original correlated macroeconomic variables would ensure the final estimates to be more 
accurate. 
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Table 4.5   Descriptive Statistics, Jarque-Bera and Ljung-Box Q statistics of Macroeconomic Variables 
Ljung-Box Q Statistics Country   Mean St. Dev. Max. Min. Skewness  Kurtosis Jarque-Bera Q (6) Q (12) Q (18) Q (24) 
GDPG            0.0070 0.0083 0.0392 -0.0196 -0.1108 3.6599 4.09 471.56*** 752.11*** 879.67*** 983.59***
INDPG            -0.0009 0.0087 0.0350 -0.0396 -0.0789 6.3628 95.86*** 162.92*** 180.02*** 199.26*** 201.84***
UINFL           -5.55E-20 0.0071 0.0272 -0.0556 -2.2120 20.7702 2836.54*** 65.79*** 140.16*** 198.15*** 244.36***
INTR          0.0065 0.0013 0.0091 0.0041 -0.3057 2.1444 9.35*** 907.31*** 1282.80*** 1342.00*** 1357.70***
M2G           0.0103 0.0329 0.1782 -0.1906 -1.4036 21.2337 2878.77*** 20.93*** 28.11*** 56.56*** 59.22***
Hong Kong 
EXCHG            5.50E-06 0.0013 0.0058 -0.0070 -0.1065 10.7982 514.75*** 29.87*** 38.13*** 42.48*** 51.08***
GDPG            0.0018 0.0042 0.0156 -0.0177 -0.3309 5.9461 77.12*** 161.92*** 318.30*** 394.09*** 498.10***
INDPG            0.0008 0.0146 0.0428 -0.0438 -0.1003 3.3835 1.58 36.96*** 40.88*** 48.80*** 68.24***
UINFL            5.98E-20 0.0027 0.0157 -0.0072 1.4023 8.8999 360.96*** 11.07* 27.52** 43.16*** 51.13***
INTR         0.0026 0.0016 0.0066 0.0011 1.0123 3.0297 34.68*** 1174.00*** 2155.90*** 2877.10*** 3351.30***
M2G            0.0038 0.0037 0.0167 -0.0047 0.8589 3.7803 30.11*** 424.47*** 673.05*** 859.41*** 958.44***
Japan 
EXCHG            -1.73E-03 0.0355 0.0963 -0.1626 -0.5940 4.7116 36.72*** 9.00 21.66** 25.28 31.35
GDPG            0.0072 0.0103 0.0349 -0.0338 -0.5028 4.6124 30.54*** 144.69*** 157.34*** 168.43*** 181.05***
INDPG            0.0065 0.0599 0.2545 -0.2329 -0.2025 6.6246 112.51*** 77.72*** 94.57*** 102.92*** 109.19***
UINFL            -1.13E-19 0.0025 0.0075 -0.0075 0.1862 3.6594 4.85* 17.22*** 28.49*** 34.06** 42.29**
INTR          0.0050 0.0006 0.0064 0.0043 1.0369 3.2565 36.93*** 818.86*** 1038.40*** 1058.80*** 1096.60***
M2G           0.0091 0.0174 0.1551 -0.0620 3.8466 33.6207 8431.39*** 16.10** 22.03** 25.12 28.48
Singapore 
EXCHG            -1.07E-03 0.0149 0.0571 -0.0567 0.2044 5.6105 59.06*** 10.08 19.57* 21.89 24.27
GDPG            0.0052 0.0028 0.0147 -0.0040 0.4182 4.3205 20.67*** 177.17*** 275.23*** 357.82*** 400.05***
INDPG            0.0007 0.0093 0.0324 -0.0421 -0.2487 5.7957 68.20*** 34.39*** 43.95*** 51.61*** 56.33***
UINFL            -6.94E-20 0.0023 0.0126 -0.0068 0.9474 7.2900 186.03*** 26.33*** 43.58*** 53.98*** 64.10***
INTR         0.0064 0.0025 0.0117 0.0031 0.7837 2.4433 23.40*** 1114.00*** 1959.00*** 2543.40*** 2930.40***
M2G           0.0067 0.0062 0.0652 -0.0217 3.5664 43.1210 14045.69*** 10.71* 14.73 19.25 31.00
United Kingdom
EXCHG            -1.10E-04 0.0300 0.1325 -0.0761 0.7098 5.4091 66.14*** 5.94 10.71 21.67 26.37
Notes:  
1. The large Jarque-Bera statistics leads to the rejection of the null hypothesis of normal distribution. 
2. Ljung-Box Q tests the null hypothesis of white noise for lags of 6, 12, 18 and 24 in the four excess return series. 
3. ***at 1% significance level    ** at 5% significance level     * at 10% significance level 
4. GDPG (Growth in Gross Domestic Product), INDPG (Industrial Production growth), UINFL (Unexpected Inflation), INTR (Short-term interest rate), M2G (Money supply growth), 
   EXCHG (Change in exchange rate).
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Table 4.6   Spearman Correlation Matrix of Macroeconomic Variables 
Country  INDPG UINFL INTR M2G XCHG 
GDPG 0.436*** 0.346*** -0.074 0.355*** -0.111 
INDPG  0.268*** -0.030 0.207*** 0.097* 
UINFL   0.150** 0.122* -0.042 
INTR    0.078 0.022 
M2G     -0.115 
Hong Kong 
XCHG     1.000 
GDPG 0.179*** 0.214*** 0.494*** 0.269*** 0.080 
INDPG  -0.062 0.010 0.159** -0.091* 
UINFL   0.302*** 0.084 -0.065 
INTR    0.198*** -0.066 
M2G     -0.016 
Japan 
XCHG     1.000 
GDPG 0.218*** 0.220*** -0.248*** -0.003 -0.022 
INDPG  -0.086 -0.038 -0.003 0.047 
UINFL   -0.023 0.202*** -0.070 
INTR    0.268*** -0.033 
M2G     -0.045 
Singapore 
XCHG     1.000 
GDPG 0.160** 0.161** 0.258*** 0.233*** 0.062 
INDPG  0.108 -0.012 0.019 0.018 
UINFL   0.274*** 0.248*** 0.039 
INTR    0.260*** -0.005 
M2G     0.007 
United Kingdom 
XCHG     1.000 
Note: ***, **, * is significance level at 1%, 5%, 10% of two-tailed test respectively. 
 
 
4.3   Methodology 
 
4.3.1   Theoretical Foundation: Arbitrage Pricing Theory 
 
The structure on the possible relationship between the macroeconomic risk and the first and 
second conditional moment of property stock excess returns is built upon a multi-factor asset 
pricing model. The Arbitrage Pricing Theory (APT), which is developed by Ross (1976), is the 
theoretical foundation of the multi-factor asset excess return generating process. It asserts that 
in equilibrium an asset’s riskiness, hence its average long-term return, is directly related to its 
sensitivities to unanticipated changes in some economic variables (systematic factors), such as 
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the inflation, industrial production, risk premiums and the term structure of interest rates. The 
APT does not provide a very clear guide for recognizing the factors, but it suggests that a 
“priced” factor in assets returns should be a “systematic” factor that can move aggregates of 
assets on large portfolios. Nevertheless, the theory has received the attention from investors 
and portfolio managers due to its considerably useful implications. 
 
The assumptions of APT can be summarized as following: 
(a) Investors maximize the utility of wealth and have monotonic concave curve; 
(b) The market is perfect, frictionless, with no transaction cost, and all assets are divisible; 
(c) Investors have homogeneous expectation and are fully informed on the structure of the 
return-generating process. Particularly, investors believe that the return-generating 
process follows a linear factor model.   
 









1 ε      (1)        
 
where is the excess return on the ith asset in period t,itR ( )itt RE 1−
it
 is the expected excess 
return, is the sensitivity of the excess return to the fluctuations in factor j.ijb jtF  is the jth 
factor, which is unanticipated on information set of period (t-1). ε  is the error term, which is 
orthogonal to jtF . It is assumed that: 
 ( ) ( ) ( ) ( ) ( ) 0===== siwjijij EFFEFEEFE εεεε      (2) 
 
The above conditions indicate the major attributes of APT. The factors are uncorrelated with 
one another with mean 0 and variance 1. They are also uncorrelated with the idiosyncratic 
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4.3.2   Empirical Model and Estimation Procedure 
 
To simultaneously investigate the macroeconomic risk effects on the conditional first and 
second moment of excess returns on property stocks, we make certain assumptions on the 
generating process of asset excess returns mentioned above. As shown above, asset excess 









1 ε                   (1) 
 
In which, R is the excess return on the ith asset in period t,it ( )itt RE 1−
jt
 is the expected excess 
return, conditional on an information set from the period (t-1). F  is the factor that cannot be 
anticipated by the information set of (t-1). itε  is the error term, which is orthogonal to jtF .  
 
Following Sill (1995), assumptions of equation (1) are: 
 
( ) ( ) ( ) 0,,1,1,1 === −−− titjttittjt FEEFE εε    (2) ( ) sitstitE ,,,1 αεε =−                                        (3)    ( ) )1(,,1 −− = tjwtwtjt hFFE                                 (4) 
 
Equation (2) indicates that the risk factors F and the error term tj , ti,ε are unexpected 
components, on the base of the information set of period (t-1), and the factors are orthogonal to 
the error terms. Furthermore, (3) allows that the factors cannot capture all of the systematic 
risk. Thus, the error term could be correlated across assets, but the covariance is assumed to be 
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constant over time. Equation (4) assumes the conditional variances and covariances of the 
factors could change over time. 
 
The multifactor asset pricing model is consistent with a class of capital asset pricing models 
(CAPM), including the conditional capital asset pricing model (CCAPM). Similar to the 
standard CAPM, CCAPM is formed relating to a benchmark portfolio. However, CCAPM 
expectations are taken conditionally on some information set15. It posits that the conditional 
expected excess return on an asset is proportional to the conditional covariance of the asset 
with the benchmark portfolio. The benchmark portfolio is assumed to be perfectly correlated 
with the economy-wide intertemporal marginal rate of substitution. The factor of the 
proportionality is the ratio of the conditional expectation of the excess return on the benchmark 
portfolio to the conditional variance of the benchmark portfolio.  
 














− =           (5) 
 














                                                      (6) 
 
Then CCAPM can be expressed as: 
 
),()( 11 itmttitt RRCOVRE −− = δ                         (7) 
 
                                                 
15 See also Hansen, Richard, and Singleton (1982). 
 
16 This condition follows the interpretation of Harvey (1989), Ng, Engle, and Rothschild (1992), and Engle, Ng, and 
Rothschild (1990). 
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Assuming the excess return on the benchmark portfolio also satisfies the multi-factor model, 










1 ε                      (8) 
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11 )( α                   (10) 
 
Recalling that our task is to construct the structural framework to relate the conditional 
variances and covariances of macroeconomic factors to the excess returns on property stocks 
and the conditional variance of the excess returns. Through the steps above, this structural 
framework has been derived.  This system of (9) and (10) is a multiple-equation framework 
that will be estimated by Generalized Moment Method. (9) is used to estimate the relationship 
between the expected excess returns on property stocks and conditional variances and 
covariances of a set of prespecified factors. The equation (10) is constructed to find out how 
the second moment of the excess returns on property stocks responses to macroeconomic 
conditional volatilities.  
 
As terms appear in both of the two equations, the parameters can be estimated. On the other 
hand,
ijb
δ and  cannot be identified separately in the estimation, hence we simply multiply mwb
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the two parameter. And also, miα  is multiplied by the constant δ . Then, the system of two 

























11 )( α                 (12) 
 
GMM estimation for the system of equations (11) and (12) requires the observable 
macroeconomic risks and a set of instruments. The observable macroeconomic risks will be 
represented by the conditional variances of the retained principal components from principal 
components analysis. PCA is first applied on the original chosen macroeconomic variables and 
extracts several principal components that are equivalent to those variables. Then GARCH (1,1) 
models help derive the time varying conditional variance of each principal component. The 
conditional covariances of the principal components are simply taken from the products of 
square roots of the estimated conditional variances. The matrix of the conditional variances 
and covariances together with a constant will be used as instruments in GMM estimation. On 
the other hand, the GMM estimation also requires identifying the first and second conditional 
moment of property stock excess returns. Hence, the GARCH processes are repeated to 
estimate the expected excess returns on property stocks and the conditional variance of the 
excess returns. Once all the variables in the two-equation system are identified, GMM 
estimation can be conducted to estimate the relevant parameters. Overall, the estimation 
procedure of (11) and (12) comprises three steps: PCA, GARCH (1,1) and GMM. The next 
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4.3.3   Principal Components Analysis 
 
Principal components analysis (PCA) is a statistical technique that linearly transforms an 
original set of variables into a substantially smaller set of uncorrelated variables that represents 
most of the information in the original set of variables (Dunteman, 1989). It is one of the factor 
analysis techniques 17 which aim to simplify complex data sets. Unlike other kinds of factor 
analysis, principal components analysis tries to explain the total variation in the observed 
variables on the basis of the maximum variance properties of principal components.  
 
In this research, principal components analysis is useful in reducing the dimensionality of the 
original macroeconomic variable sets, and solving multicollinearity problems among those 
macroeconomic indicators. It is common knowledge that many macroeconomic indicators of 
an economy are always highly correlated. Therefore, multicollinearity could be a problem of 
the macroeconomic variables. Using such variables in regression estimation would produce 
large standard errors for estimated parameters. In order to precisely estimate the parameters in 
final GMM analysis, any possible multicollinearity problem should be solved first. By 
employing the method of PCA, the original data sets are transformed to uncorrelated principal 
components for each of the four markets. Since the principal components are orthogonal to one 
another, the parameter associated with a particular principal component can be estimated 
independently to the others in further estimation, and hence it can be expected to be constant.   
 
The main features of the PCA are as follows: 
(a) Algebraically, principal components are uncorrelated linear combinations of original 
variables. The weights given to original variables in the linear combinations are 
                                                 
17  Factor analysis is a statistical technique which was originated by Spearman (1904) and is widely used in 
psychology and the social sciences. Generally, this technique is applied to correlation matrix, with the purpose of 
discovering the main dimensions of data sets. As the asset pricing models do not identify the systematic variables, 
factor analysis is employed as a method to explore the common factors. Roll and Ross (1980) use factor analysis to 
measure systematic risk exposures of individual securities or factor loadings. Bodurtha, Cho and Senbet (1989) use 
interbattery factor analysis to identify economic factors. Principal components analysis is one of the factor analysis 
techniques with easy computation. It is used in the study of Fifield, Power and Sinclair (2002) to determine the 
macroeconomic factors which explain returns in emerging stock markets.      
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mathematically determined to maximize the variation of the principal components or, 
equivalently, to maximize the sum of the squared correlations of the principal 
component with the original variables. This indicates that the first principal 
component explains the largest variance accounted for in the original variables, then 
the second principal component with the second largest variance, and so on. The first 
few principal components account for most of the variation present in the original 
variables. In other words, the first few principal components together can have the 
highest possible squared multiple correlations with each of the original variables.  
 
(b) To be described in geometry, PCA simplify a p dimensional space if there are p 
original variables. The first principal component is the line that closest fits the scatter 
plot of all the observations in the p dimensional space. The second principal 
component is a line orthogonal to the first and closest fit to the residuals from the first 
principal component.       
 
Let P  to be one of the principal components and  is the th original variable, then: ix i
 
ppii xxxxP αααα KK ++++= 2211      (1) 
 
If ijσ is the covariance between the i th and j th variables, the variance of their linear 








σαα P  can be simplified as 
AAσ' where  is the vector of weights [A ],,2,1 pi αααα KK  and σ  is the covariance matrix. 
To explain most of the information in the original p variables, principal components analysis 
tries to find the weight vector that maximizes AA Aσ' A.  is converged given the constraint 
that . The constraint is given in the analysis process so that large weights would not be 
arbitrarily selected to maximize the variance of 
1=' AA
P . If the variance of a particular principal 
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component is iν , it is called eigenvalue. The associated weights vector  with that particular 
component is called eigenvector and is derived by an iterative solution. The best solution is 










In this study, x  are standardized original variables. This is referred to as analysis of 
correlation matrix and this technique also tries to converge the weight vector that maximizes 
the variance of linear composite
i
18. The procedure of extracting principal components from the 
original six macroeconomic variables is as follows: 
 
The first principal component can be found as the weight vector [ ]16,1,12,11 ααα KK i  
maximizes the variance of  
 
616121111 xxxxP ii ααα KK ++++=      (2) 








where  are standardized variables. The second principal component is orthogonal to  and 
can be defined as 
ix 1P
 
62221212 xxxxP pii ααα KK ++++=      (3) 








                                                 
18 A problem caused by using the original variables is that those original variables with large variances could be 
automatically given large weights to construct the principal component, and conversely, variables with small 
variances would get negligible weights. It is not surprising the variables with large variances would be given large 
weights since variances of the principal components need to be maximized. However, the problem does not exist in 
the analysis of correlation matrix. This is because that the correlation matrix is a covariance matrix of standardized 
variables. Although the macroeconomic variables are most measured as growth rates, there may also exist 
considerable difference in the variances of these variables. Therefore, this study focuses on analysis of correlation 
matrices. 
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While the first principal component is derived from the original correlation matrix, the second 
principal component is calculated from a residual matrix after the first one has been extracted. 
This is what it means the two principal components can be linear independent of each other. 









The scenario goes on until there is little variance to account for in the residual matrix. 
Obviously, when six principal components are extracted, all the variance is extracted from the 
correlation matrix. This means ∑  where is the sum of the six principal 
components variances and ∑ is the total variances in the original variables. As the 
variables are standardized, the proportion of variance that the i th principal component 


















6/iν . The proportion, altogether with the magnitude of the eigenvalue iν , 
indicate how well the principal component explain the variances in the original data set.  
 
Correlations of the original variables with a particular principal component are used to 
interpret the principal component. The correlations are called factor loadings. Equivalently, the 
weight vector associated with the particular principal component also provides similar 
indications because the factor loadings ( ii Aν ) are proportional to the elements of the 
associated weight vector. However, factor loadings are much easier to use and more 
straightforward to interpret.   
 
The process of PCA provides no advantage of simplicity if all the six extracted principal 
components are retained for further analysis. There are some criteria on how many principal 
components should be retained. These rules are somehow arbitrary, however, they help 
provide tools to decide on the number of principal components that should be retained. Kaiser 
(1960) recommends dropping those principal components of a correlation matrix with latent 
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roots less than one, whereas Jolliffe (1972) suggested a cutoff of 0.7 for correlation matrics. 
Cattell (1966) proposes a scree plot to make the decision. In this study decision is generally 
made according to Kaiser’s criteria and the criteria is relaxed slightly if necessary.  
 
 
4.3.4   Generalized Autoregressive Conditional Heteroskedasticity (GARCH) Models 
 
The Generalize Autoregressive Conditional Heteroskedasticity (GARCH) were independently 
developed by Bollerslev (1986) and Taylor (1986) from the Autoregressive Conditional 
Heteroskedasticity (ARCH) model that was initially introduced by Engle (1982)19. The model 
was originated since empirical inspection of many economic and financial time series 
suggested property of heteroskedasticity 20  or equivalently  “volatility clustering” 21 . With 
heteroskedasticity is detected in the data series, fitness of classical linear models would be 
suspected if they were applied on such data. In financial markets, for example, serial 
correlations are often found in squared values of asset returns. Even if there is no or little 
correlation, there may exist a nonlinear relationship within the return series. In addition, the 
presence of excess kurtosis and skewness in data series provides evidence for the inappropriate 
application of the classical linear models. Unlike the classical linear models, ARCH and 
GARCH family were developed to describe these data features, and consequently are broadly 
used in economic and financial market nowadays. Furthermore, this family of models is a 
useful tool in considering the volatility clustering and forecasting the time-varying conditional 
variance of assets in many instances. 
 
                                                 
19 A comprehensive discussion of ARCH and GARCH type models is provided in Bollerslev, Chou and Kroner 
(1992). 
 
20 Please see the Appendix I for the detailed definition of heteroskedasticity. 
 
21 That is, large volatility tends to be followed by large one and small volatility will be followed by small one. In 
other words, the level of volatility is positively autocorrelated. 
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In Bollerslev’s study, the conditional variance is allowed to follow an Autoregressive Moving 
Average (ARMA) process and this makes the GARCH type model more flexible and appealing 
than the ARCH model. The GARCH model allows for the conditional variance linearly 
dependent on the previous behavior of the squared errors and a moving average of the previous 
conditional variances. By including the past values of the conditional variance, the GARCH 
framework considers all lags of shocks rather than one lag, and hence the GARCH process can 
be interpreted as a long-term memory in the shocks. Also because of such an extension, the 
GARCH process has been proven to be more parsimonious than the ARCH model. 
  
In many situations, a GARCH (1,1) process is sufficient to describe the economic data, and 
rarely is higher order model estimated in previous economic and financial literature22. A 
general version of GARCH (1,1) model can be defined as a system of equations below:  
 
ttt XY εθ +=                                               (1) 
=th  10 αα + 2 1−tε + 2α 1−th                                       (2) 
),0(~1 ttt hN−Ωε                                       (3) 
 
where Y  is the time series, X  is a predetermined vector of independent variables.t t tε  is a 
random error, h  is the conditional variance, and t 1−Ω t  is the information set of period (t-1).  
θ , 0α , 1α  and 2α  are parameter vectors. t is a time index. In this system, equation (1) is the 
mean equation and equation (2) is the variance equation. The error term is assumed to follow 
the process as that 
 
( ) 2/1ttt hνε =       (4) 
 
                                                 
22 An appealing feature of the GARCH (p, q) model concerns the time series dependence in . Rearranging terms 
of GARCH process, is written as an ARMA model. Following Bollerslev (1988), this idea can be used in the 
identification of the orders p and q.  In most applications to financial and economic data, p = q = 1 is found to be 
sufficient. For purpose of this study, a GARCH (1,1) process is found to be a simple and appropriate method of 
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where tε  constitutes a white-noise process tν and the conditional variance of its own. With 
( )tE 0=ν , it is clear that 
 
( ) ( )( ) 0][ 2/1 == ttt hEE νε      (5) 
 
To ensure the GARCH (1,1) process is well defined, parameters 0α , 1α  and 2α  must be non-
negative. The degree of persistence in shocks to volatility is measured as the sum of the 
coefficient ( 1α  + 2α ), which must be less than or equal to unity for stability to hold. The 
current information is said to remain important for the forecasts of the conditional variance for 
all horizons if the value of the sum is close to unity (Engle and Bollerslev, 1986). Comparing 
to traditional assumption of constant mean and variance, the model better fits economic data 
series by describing volatility clustering. As Bollerslev, Engle and Wooldridge (1988) pointed 
out, “the GARCH specification does not arise directly out of any economic theory, but as in 
the traditional autoregressive and moving average time series analogue, it provides a close 
parsimonious approximation to the form of heteroskedasticity typically encountered with 
economic time series data”. 
 






























where Y is the jth principal component that is retained from PCA or property stocks excess 




1 is the dummy variable for 1997 financial crisis; D2 is the dummy variable 
for 1987 market crash. tj ,ε  is the disturbances,  is the conditional variance, and 1Ω  is the tjh , −t
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information set of period (t-1).  0α , 1α  and 2α  are key noteworthy parameters as they 
measure time-varying conditional variances of the principal components (representing time-




When Y  is the jth principal component, tj , tj ,  is the unpredictable component of the principal 
component at the period (t-1). Since the principal component represents several particular 
macroeconomic variables, tj ,ε  can be viewed as some macroeconomic factors that are defined 
in the excess return generating process. Therefore h  are the conditional variances of the 
macroeconomic factors. When Y  is the property stock excess returns, GARCH (1,1) process 
are used to derive the conditional mean E  and the 















There are several steps to ensure that the GARCH (1,1) process is appropriately applied. At 
first, an ambiguous determined linear model, which takes the form of the mean equation in 
GARCH (1,1) model, is estimated using conventional Ordinary Least Squares method. The 
optimal lags in this model are identified by ACF and PACF. The normality of the residual 
series from the model is checked based on the skewness and kurtosis values; on the other hand, 
the usual Ljung-Box Q-statistics23 of the squared residuals is used to test for ARCH effects. In 
addition, the more formal ARCH Lagrange multiplier24 test is conducted to test for conditional 
heteroskedasticity. If there are heteroskedasticity, GARCH (1,1) model will be estimated. Then, 
the Ljung-Box Q-statistics and ARCH LM tests, along with the skewness, kurtosis, and 
quantile-to-quantile plot, of standardized shocks from the GARCH estimations are used to 
check the model efficiency. The Ljung-Box Q statistics of standardized errors can be used to 
check the adequacy of the mean equation and Q statistics of the squared standardized errors 
                                                 
23 Please see Appendix I. 
 
24 More details about the test are shown in Appendix I. 
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can be used to test the validity of the conditional variance equation. The validity of the 
distribution assumption can be checked by the skewness, kurtosis, and quantile-to-quantile plot 
of standardized errors. The fitted GARCH (1,1) model is not expected to completely reduce all 
the heteroskedasticity in the data; however, it is determined to reduce at least most of the 
heteroskedasticity in our data series and adequately model the time varying conditional 
macroeconomic volatilities.  
 
The technique of maximum likelihood (ML) is usually used to estimate the GARCH models. It 
can be employed to estimate both linear and non-linear models. The method finds the most 
likely values of the parameters given the actual data. Specifically, a log-likelihood function is 
formed first, and the values of the parameters are converged when maximizing the function.    
 
 
4.3.5   Generalized Method of Moments (GMM) Estimator 
 
The generalized method of moments (GMM) was proposed by Hansen (1982) and Burguete et. 
al. (1982). This is a robust estimator because it does not require the exact distribution of the 
disturbances. It only requires some specification of certain moment conditions. The GMM 
estimates the parameters by merging the distance between the instruments and the disturbances 
as close to zero as possible. The estimated parameters are consistent and asymptotically 
normal. The ordinary least squares, classical method of moments, instrumental variable 
regression estimator and two stage least squares all are the special cases of GMM estimator. 
As it provides a general and robust method of estimation and hypothesis testing, GMM 
estimator has been widely used.   
 
GMM in this study is used to estimate the system of two equations. Generally, a model of 
multiple-equation GMM estimation can be written as that: 
 
Chapter Four Data and Methodology                                                                                 - 78 - 
 
Macroeconomic Risk and Excess Returns on Property Stocks: Some International Evidence          
 
 
m)1,2,j n;1,2,(i             ' KK ==+= ijjijij xy εβ      (1)   
 
where  is the vector of regressors, ijx jβ  is the vector of coefficients, ijε  is the error term, n  
is the sample size, and m is the number of equations in the system. GMM procedure is used to 
estimate the equations jointly in the system. Multiple-equation GMM estimator makes some 
assumptions as follows:  
m
 
(i) First of all, equations are assumed to be linear in the system. There are, however, no cross-
equation assumptions. Error terms and coefficients are free from cross-equation restrictions. 
This is the assumption of linearity.  
 
(ii) Before proceeding to GMM identification, the assumption of ergodic stationarity needs to 
be made. Let z  be the vector of instruments of theij j th equation, and w  be unique and 
nonconstant elements of ( ,…, , ,…, , ,…, ). The series of w  is jointly 
stationary and ergodic. This assumption rules out some features of economic data such as 
trends, unit roots, and unconditional heteroskedasticity, and imposes restrictions on data.  
i
1iy imy 1ix imx 1iz imz i
 
(iii) Another important assumption is orthogonality conditions. This is the base to identify the 
coefficient vector. The instrumental vector is predetermined for ijz j th equation, which means 
that 
 
( ) 0=⋅ ijijzE ε         (2) m)1,2,(j K=
 
If   is number of the instrumental variables in z , then the orthogonality conditions can 
also be specified as that 
jp ij
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It can be more simplified as ( ) 0=igE . 
 
There are no cross-equation orthogonality restrictions. Therefore, the orthogonality conditions 
for the multiple-equation system just consist of orthogonality conditions for each individual 
equation in this system. The underlying implication of the conditions is that instruments are 
uncorrelated with the disturbance terms. If a constant is included in the instruments, the 
conditions become as such that ( ) 0=ijE ε  and that those nonconstant instruments are 
orthogonal to the error terms.  
 
(iv) After the orthogonality conditions for multiple equations having been set up, the necessary 
and sufficient condition for identification is that ( )'ijij xzE  is of full column rank for each jth 
equation. This rank condition for identification25 is also one of the assumptions. The reason for 
this assumption should be made is that the coefficient vectors can be identified uniquely. As 
the multiple-equation system is a collection of single equations, coefficient vectors will be 
converged uniquely when the coefficient vector of each equation can be determined uniquely. 
The condition, therefore, should be held to ensure coefficients well identified.      
 
(v) Finally, the orthogonality conditions are strengthened by the assumption for asymptotic 




                                                 
25 Please refer to the Appendix II for details. 
 
26 Please refer to Appendix III for details. 
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4.4   Summary  
 
This chapter describes data properties and the methodology in this research. Property stock 
excess returns and selected macroeconomic data for Hong Kong, Japan, Singapore, and UK 
are described. The chapter also explains the theoretical foundation and empirical model as well 
as the estimation procedures of this study. The features of three econometric techniques 
employed in the estimation procedure, namely PCA, GARCH, and GMM are highlighted in 
the chapter. The next chapter will present the empirical results and discuss the findings.  
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CHAPTER FIVE   EMPIRICAL RESULTS AND DISCUSSION 
 
 
5.1   Introduction 
 
This chapter provides a full report of empirical estimates. The results from PCA are reported in 
5.2. Then, GARCH (1,1) estimations for the retained principal components and excess returns 
on property stocks are presented in 5.3. Section 5.4 describes the estimated relations between 
macroecnomy and property stock markets from GMM estimations of the two-equation system. 
The section reports the relationship between macroeconomic factors and the excess returns on 
property stocks, and further elaborates the impacts of macroeconomic risk on the expected 
excess returns of property stocks and the conditional variance of the excess returns. Section 5.5 
provides some discussion of the implications for the findings. The final section 5.6 summarizes 
this chapter.  
 
 
5.2   PCA Results 
 
Table 5.1 and Table 5.2 summarize the results from PCA and provide indications of how many 
principal components should be retained in further analysis.  
 
Table 5.1 shows the eigenvalues and proportions of variance explained by each extracted 
principal component. Since there are six original macroeconomic variables for each country, it 
is possible to extract six principal components. In all the four countries examined, the first four 
components together account for nearly 80% of the total variance in original variables sets. 
The first three principal components can explain more than half of the variance in the original 
variables. It seems the last two components are relatively less important with their weaker 
explanation power of the total variance. For example in Hong Kong, the cumulative proportion 
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of variance explained by the first four principal components is 79.527%, whereas the last two 
totally account for only 20% of the variance. Across the four countries, there is no large 
difference in the total explanation ability of the last two principal components for the variance. 
 
Table 5.1 Eigenvalues and Proportions of Variance Explained by Derived Principal 
Components 
 
Principal Components      Country 
1 2 3 4 5 6 
Eigenvalue 1.650 1.139 1.051 0.931 0.705 0.523 
% of Variance 27.504 18.987 17.516 15.520 11.756 8.717 Hong Kong 
Cumulative % 27.504 46.491 64.007 79.527 91.283 100.000 
Eigenvalue 1.740 1.167 1.051 0.804 0.758 0.479 
% of Variance 29.008 19.456 17.514 13.394 12.641 7.988 Japan 
Cumulative % 29.008 48.464 65.977 79.372 92.012 100.000 
Eigenvalue 1.343 1.256 1.081 0.930 0.776 0.614 
% of Variance 22.381 20.931 18.017 15.507 12.927 10.236 Singapore 
Cumulative % 22.381 43.312 61.329 76.836 89.764 100.000 
Eigenvalue 1.691 1.069 0.972 0.919 0.718 0.633 
% of Variance 28.177 17.810 16.192 15.309 11.967 10.545 United Kingdom 
Cumulative % 28.177 45.987 62.179 77.488 89.455 100.000 
 
Although performance of macroeconomy could be different across countries, PCA analysis 
indicates some common patterns across various economic variable sets. This can be observed 
from Table 5.1. The common phenomenon exists in the eigenvalues and proportions of 
variance explained by individual principal components across the four markets. Expect for UK, 
the eigenvalues of the first three principal components of the other three economies are all 
above unit. In the three countries (Hong Kong, Japan and Singapore), the third principal 
components have extremely similar eigenvalues and hence the proportions of variance 
explained by the components are very close to each other. Eigenvalues of the last three 
principal components, however, are below one in all of the four countries. In particular, the 
eigenvalue of the first principal component is the highest in all the eigenvalues and this is just 
as the method of PCA assumes. It ranges from 1.343 (Singapore) to 1.740 (Japan). Table 5.1 
clearly shows that the first component accounts for higher proportion of variance than other 
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components do. In Singapore, the first principal component accounts for 22.381% variance, 
while it explains a bulk of 29% volatility in Japanese macroeconomic variables.  
 
According to Kaiser criterion (1960), those principal components should be dropped if 
eigenvalues of them are less than one. Therefore, the number of retained components would be 
three for Hong Kong, Japan, Singapore and two for United Kingdom. However, if the first two 
principal components are retained for United Kingdom, they can only explain a total of 46% 
variance. The proportion becomes too low and it seems not feasible to use the two principal 
components. If Jolliffe’s (1972) cutoff of 0.7 were adopted, then five principal components 
would be retained for all the four countries. The aim of Principal component analysis is to 
simplify the original variable dimensions, and the data description is not parsimonious if five 
principal components relative to six original variables are retained. To overcome these 
problems and to identify which principal components should be retained in further analysis, 
the Kaiser criterion is relaxed slightly for UK to also include the third principal components 
with eigenvalues slightly below one. This consideration leads to the retention of three principal 
components in all the four countries examined.   
 
 Table 5.2 presents the factor loadings for the three retained principal components for each 
country. The table only reports those variables that have large correlations with each principal 
component. It is usual to regard factor loadings as high if they are greater than 0.6 (the positive 
or negative sign is irrelevant) and moderately high if they are above 0.3 (see Kline, 1994). In 
Hong Kong and Japan, all the six original macroeconomic variables are found to have large 
coefficients of either sign in the first three principal components. With the exception of money 
supply growth, the other five macroeconomic indicators are highly correlated with the retained 
principal components in Singapore and UK. The retained principal components generally can 
reflect the information of the production sectors and the financial sectors of the four economies.  
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From Table 5.2, it is observed that there are some common factors in the retained principal 
components across the four countries. The first consistency is that the first principal 
component is highly correlated with GDPG in all markets. Factor loadings for GDPG range 
from 0.696 in UK to 0.816 in Hong Kong. The relationship is positive in all the four countries. 
Except for Singapore, INDPG is also a common factor that is highly related to the first and 
second principal components across the other three markets. With the exception of Japan, the 
first principal component of Hong Kong, Singapore and UK is also highly correlated with 
unexpected inflation. The factor loading is positive in the three countries. In Japan, unexpected 
inflation is negatively related to the second principal component. Interest rate has high 
correlation with the first principal component in the developed countries of Japan and United 
Kingdom, and with the second principal component in developing markets of Hong Kong and 
Singapore. Interest rate loadings are positive across all the four markets. The importance of 
economic growth is to be expected especially in the high-growth economies of Hong Kong and 
Singapore. The appearance of unexpected inflation and interest rate as high loading variables 
in the first two principal components is also readily understandable and interpretable. The two 
variables, together with the money supply that loads on the third principal component of Hong 
Kong and the first component of Japan, are the key indicators of money and financial markets 
of an economy. Generally, the change in exchange rate is highly correlated with the third 
principal component. Hong Kong is the exception; exchange rate change has a high correlation 
with the second principal component.  
 
Factor loadings in Table 5.2 indicate the meaning of each extracted principal components. The 
first principal component of each market reflects economic growth and some corresponding 
movements of financial and money market indicators. Particularly, the second principal 
component of UK is a measurement of the growth in production sector. With this exception, 
the second and third principal components of the four markets generally represent fluctuations 
in financial and money markets. In addition, factor loadings are used to interpret the 
components of extracted principal components. For example, the second principal component 
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of Hong Kong can be interpreted as a contrast between interest rate and exchange rate growth. 
The inverse relation is also found between variables in the second principal component of 
Japan and in the third principal component of Singapore.  
 
Table 5.2   Factor Loadings for the Retained Principal Components 
 
Principal Components Country 





















































1. GDPG (Growth in Gross Domestic Product)   
    INDPG (Industrial Production growth)     
   UINFL (Unexpected Inflation)    
   INTR (Short-term interest rate)    
   M2G (Money supply growth)    
   EXCHG (Change in Exchange Rate) 
2.Numbers in the parentheses are correlations (factor loadings) of macroeconomic variables and 
principal components.  
 
 
5.3   GARCH (1,1) Model Estimates 
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After the PCA, GARCH (1,1) models are applied to the groups of extracted principal 
components in each country as well as the excess returns on the four property stock portfolios. 
There will be altogether four GARCH models for estimation in each market, including those of 
the three derived principal components and the excess returns on property stocks.    
  
As a beginning of the estimation, the mean equation should be determined for each GARCH 
(1,1) model27. Table 5.3 shows the optimal lags found for those autoregressive equations. 
Dummy variables of 1987 stock market crash and 1997 financial crisis are both included in the 
mean equation.  
 
Table 5.3    Lags in the Mean Equations of GARCH (1,1) for Principal Components and 
Excess Returns  
 







Hong Kong 6 6 9 11 
Japan 6 2 9 1 
Singapore 9 3 6 11 
United Kingdom 7 10 2 1 
Note: Mean equation in GARCH model consists of a constant and auto lags of principal component or excess return. 
Dummy variables of 1987 stock market crash and 1997 financial crisis are also included in the mean equations. 




























where Y is jth principal component that is retained from PCA or excess return on property stocks. Y  are the 
optimal autoregressive lags of the principal component or excess returns. D
tj , itj −,
1 is the dummy variable for 1997 
financial crisis; D2 is the dummy variable for 1987 market crash. tj ,ε  is the disturbances, h  is the conditional 
variance, and 




It is found that the number of lags is not stable across the various principal components. It is 
understandable as the principal components represent different macroeconomic variables. One 
lag is determined to be optimal for excess returns on property stocks in developed markets of 
Japan and United Kingdom. In Hong Kong and Singapore, however, there are stronger 
autocorrelations in the excess returns and the optimal lags are determined to be eleven months. 
 
                                                 
27 See also the section of methodology relating to the GARCH modeling in chapter four. 
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Table 5.4 then provides the estimated results from GARCH (1,1) models for Hong Kong, 
Japan, Singapore and United Kingdom respectively. The table presents the coefficient 
estimates for the variance equation in GARCH process, the P-value of the parameters and the 
persistence of volatility. The coefficient estimates of the principal components show evidence 
of time variation in conditional variances, which in turn suggests that the conditional 
volatilities of macroeconomic variables may be time varying and then the expected excess 
returns on property stocks would be time varying. Additionally, results for the GARCH 
process of the excess returns reveal the time-varying nature of the conditional risk premiums 
on property stocks. To confirm the efficiency of GARCH (1,1) models, the Lejung-Box Q 
statistics of standardized residuals and squared standardized residuals at 24 lags as well as the 
ARCH LM test statistics for residuals are also displayed in the Table 5.4. Figure 5.1 to Figure 
5.4 display the time-varying conditional volatilities of the principal components and excess 
returns on property stocks. 
 
0α , 1α  and 2α  are the estimated parameters from the GARCH process and they respectively 
imply time independent element, ARCH and GARCH effects. In addition, significance of these 
coefficient estimates provide proof of whether data distributions are heteroskedastic and 
whether the GARCH (1,1) framework is appropriately used to estimate macroeconomic risk 
and excess return volatility. In each market, it is observed that most of the coefficient estimates 
are statistically different from zero at the conventional significance levels (1%, 5%, and 10%). 
Detailed discussion for the coefficient estimates follows. 
 
The intercept term 0α , which is time independent element, is a volatility measure if there is no 
ARCH and GARCH effects. Table 5.4 shows that 0α  is always positive for all the principal 
components and excess property stock returns. For the first principal component, it is 
statistically significant at the particular level of 1% in Hong Kong, Singapore and UK and at 
the 10% level in Japan. It is also found to be significant for the second principal component in 
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Hong Kong, Singapore and UK and for the third principal components in all the four markets. 
Evidence of the significance of 0α  is also found for the excess returns on Hong Kong, 
Singapore and UK property stocks. The findings indicate that most of the data series have 
time-independent component in their conditional volatilities. 
1α
 
1α  and 2α  measures the presence of ARCH effects and GARCH effects respectively. They   
are found to be positive and significant for most of the principal components and excess 
returns of the four markets. The significance pattern of 1α  is somewhat similar to that of 0α . 
While there is strong evidence of the significance of 1α  for all the principal components and 
excess returns in Hong Kong, Singapore, and UK, the evidence is relatively weaker in Japan. 
Japan seems to be an exception;  is statistically significant at the 5% level for the first and 
the third principal component but is insignificant for the second principal component and for 
the excess returns of property stocks. Significance of 1α  reveals that there are ARCH effects 
in distributions, which implies the macroeconomy volatilities and property stock market 
shocks of this period would affect volatilities for the next successive period.  
 
Evidence for 2α  estimates varies across the four markets. Specifically, it is significantly 
different from zero at the 1% level for the three principal components in Hong Kong. 2α  is 
significant for the second and third principal component in Japan; it is also statistically 
significant for the first and third principal component both in Singapore and UK. There is 
strong evidence for GARCH effects in excess returns of Hong Kong, Japan and Singapore 
property stocks (at the 1% significance level). In general, the magnitude of 2α  is observed to 
be much greater than that of the coefficient 1α . The implication is that the effects of previous 
shocks could last over longer than one period. 
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Sum of ( 1α  + 2α ) is a measure of shock persistence, which is found to be higher in 
developing markets than that in developed economies. The range of volatility persistence in 
the principal components, which implies the shock persistence in macroeconomic variables, is 
between 0.1155 (Japan, P2) and 0.9943 (Hong Kong, P2). Volatility persistence of excess 
returns is above 0.5 for all the three Asian markets (between 0.7115 for Japan and 0.9769 for 
Singapore). The UK market, on the other hand, seems to be much better able to react and 
absorb the shocks28 ( 1α  + 2α  is 0.2703).   
 
The estimated GARCH (1,1) models are generally fit for the data series. At first, in the four 
markets, all the estimated coefficients of 0α , 1α  and 2α  are positive, which meet the GARCH 
model requirements. Significance of the estimated coefficients further provides evidence for 
heteroskedasticity. Finally, the Lejung-Box Q statistics of standardized residuals and 
especially of the squared standardized residuals, along with the ARCH LM tests, provide 
strong support for model fitness. The Lejung-Box Q statistics reported in Table 5.4 exhibit a 
fact that there is almost no evidence for serial correlations in standardized and squared 
standardized residuals from the GARCH (1,1) models. Probability values of the Q tests 
indicate that the null hypothesis of strict white noise cannot be rejected for most of the residual 
series. The ARCH LM tests also provide strong support. The LM tests show that there remains 
no ARCH effect in the residuals. In summary, the GARCH (1,1) model results imply that the 
conditional variances of the macroeconomic variables (represented by the principal 
components) are time-varying, which suggests the expected excess returns on property stocks 
and the conditional volatility of the excess returns may also vary over time. Figure 5.1 to 
Figure 5.4 below show the time-varying conditional variances of principal components and 
property stock excess returns of the four markets respectively. 
                                                 
28 As an example, volatility persistence for UK excess returns is compared with that for Japan property stock excess 
returns. The sum of ( 1α  + 2α ) is 0.2703 for UK. The proportion of the initial shock to UK property stocks 
remains to be (0.2703) 6 after 6 months. That means, there is only 0.04% of the shock remaining after half a year. 
However for Japan, after six months, the remaining proportion of the initial shock is (0.7115) 6 or 13%.   
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Table 5.4   GARCH (1,1) Estimates for the Principal Components and Excess Returns on Property Stocks 
Country Model 0α  1α  2α  21 αα +  Q1(24) Q2(24) ARCH LM (12) ARCH LM (24) 
P1 0.1046 (0.009***) 0.1575 (0.000***) 0.5445 (0.000***) 0.7020 41.637 (0.014**) 23.998 (0.462) 0.995 (0.456) 1.076 (0.377) 
P2 0.0156 (0.072*) 0.1931 (0.000***) 0.8012 (0.000***) 0.9943 12.731 (0.970) 16.464 (0.871) 0.869 (0.580) 0.681 (0.864) 
P3 0.0337 (0.098*) 0.3641 (0.002***) 0.6166 (0.000***) 0.9807 28.530 (0.238) 11.176 (0.988) 0.496 (0.915) 0.406 (0.994) 
Hong Kong 
R 0.0023 (0.045**) 0.1754 (0.029**) 0.6345 (0.000***) 0.8099 6.563 (1.000) 10.587 (0.992) 0.218 (0.997) 0.396 (0.995) 
P1 0.1498 (0.098*) 0.1867 (0.040**) 0.1980 (0.607)   0.3847 27.752 (0.271) 23.995 (0.462) 1.292 (0.227) 0.876 (0.633) 
P2 0.7467 (0.975) 0.0077 (0.999) 0.1078 (0.000***)   0.1155 45.249 (0.005***) 7.038 (1.000) 0.241 (0.996) 0.217 (0.999) 
P3 0.7030 (0.000***) 0.1111 (0.022**) 0.1377 (0.026**) 0.2488 9.876 (0.995) 29.302 (0.209) 0.238 (0.996) 0.959 (0.524) 
Japan 
R 0.0022 (0.213) 0.0670 (0.332) 0.6445 (0.000***) 0.7115 13.301 (0.961) 13.476 (0.958) 0.880 (0.568) 0.479 (0.981) 
P1 0.4812 (0.000***) 0.0630 (0.000***) 0.1563 (0.000***) 0.2193 22.600 (0.544) 32.224 (0.122) 0.435 (0.948) 1.122 (0.327) 
P2 0.2989 (0.001***) 0.5267 (0.003***) 0.1335 (0.414)   0.6602 25.110 (0.400) 20.742 (0.654) 0.854 (0.594) 0.708 (0.837) 
P3 0.1340 (0.077*) 0.1997 (0.042**) 0.6431 (0.000***) 0.8428 15.134 (0.917) 16.769 (0.858) 0.987 (0.464) 0.792 (0.742) 
Singapore 
R 0.0003 (0.084*) 0.1962 (0.032**) 0.7807 (0.000***) 0.9769 9.038 (0.998) 24.718 (0.421) 1.760 (0.059*) 1.150 (0.299) 
P1 0.1164 (0.009***) 0.4641 (0.006***) 0.2911 (0.067*) 0.7552 25.307 (0.389) 15.110 (0.917) 0.373 (0.971) 0.521 (0.968) 
P2 0.3304 (0.003***) 0.4062 (0.009***) 0.2314 (0.159)   0.6376 10.856 (0.990) 15.028 (0.920) 0.434 (0.948) 0.804 (0.728) 
P3 0.1752 (0.000***) 0.0009 (0.000***) 0.8240 (0.000***) 0.8249 18.208 (0.793) 0.961 (1.000) 0.035 (1.000) 0.032 (1.000) 
United 
Kingdom 
R 0.0023 (0.062*) 0.2179 (0.051*) 0.0524 (0.898)   0.2703 19.232 (0.740) 22.969 (0.522) 0.576 (0.859) 0.893 (0.611) 
Note:  
(1) See also note of Table 5.3 for the form of GARCH models. 
(2) Q1 is Q statistics for standardized residuals from GARCH (1,1). 
(3) Q2 is Q statistics for squared standardized residuals from GARCH (1,1). 
(4) ARCH LM test is used to test existence of ARCH effects in the residuals. Numbers reported are F-test statistics from ARCH LM test. 
        (5)   Figures in parentheses are P values. *, **, and *** represent significance level of 10%, 5% and 1% respectively. 
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Figure 5.1 Conditional Variances of the Principal Components and Excess Returns on 
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Figure 5.4 Conditional Variances of the Principal Components and Excess Returns on 
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Finally, it is necessary to derive the conditional covariances because GMM estimation of the 
equation system indicates the covariances may also be determinants of the expected excess 
return and its conditional volatility. However, the GARCH (1,1) models above do not provide 
estimates for conditional covariances of macroeconomic variables. To construct the 
covariances matrix, we take products of square roots of the estimated conditional variances. 
This method is based on the idea that if the conditional correlation between two variables is 
constant, then the conditional covariance between these two variables is proportional to the 
product of their conditional standard deviations.   
 
 
5.4   GMM Estimation  
 
Conditional variances of the principal components have been estimated from the GARCH 
(1,1) process, and then conditional covariances of these principal components have been 
computed from the conditional variances. A matrix of the conditional variance-covariance 
therefore has been generated for each of the four markets. GMM estimator is then employed 
to estimate relationship between the conditional variances and covariances of the 
macroeconomic variables (represented by the principal components) and the expected excess 
return on property stocks and conditional variance of the excess return. The main objective is 
to investigate whether the varying macroeconomic conditions can help explain the behavior 
of property stock markets over time. A system of two equations is estimated by GMM for 
each market respectively. Empirical results from GMM are presented through Table 5.5 to 
Table 5.9. Due to the unique form of the two-equation system, the results from GMM 
estimations comprises of two parts. The first part shows the direct coefficient GMM estimates 
(see Table 5.5), which present the influences from the macroeconomic factors on the property 
stock excess returns (see Table 5.6). The second part, through discussion of combinations of 
the estimated coefficients (see Table 5.7), helps discover the relationship between the 
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macroeconomic risk and expected excess returns of property stocks and the conditional 
volatility of the excess returns (see Table 5.8 and 5.9).       
 
 
5.4.1   Macroeconomic Factor Influences 
   
Table 5.5 summarizes the form of the two-equation system, the parameter estimates for all the 
four markets, P-values of the coefficients and the significance levels. As defined in the excess 
return generating process, bij can be interpreted as the coefficient on jth principal component 
factor impacting on property stock excess returns. b*mw is the coefficient on the wth principal 
component in the multifactor model on the benchmark portfolio excess returns multiplied by 
the constant δ .   
 
Overall, with the exception of the third principal component in Japan and the second principal 
component in Singapore, all the other component coefficients (bij) for the four markets are 
found to be statistically significant. In Hong Kong, coefficient estimates are all strongly 
significant at the 1% significance level. For United Kingdom, although evidence is slightly 
weaker than that of Hong Kong, the three estimated coefficients bij are nevertheless 
significantly different from zero at the 5% and 10% levels. Except for the insignificant 
estimates, the other two principal components in Japan and Singapore however are significant. 
The significant coefficient estimates suggest that the expected excess returns on property 
stocks and the conditional variances of the excess returns are time varying. There is a 
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Table 5.5   GMM Estimates from the System of Two Equations 
Parameter Country 
 Hong Kong Japan Singapore United Kingdom 























































































jwtiwijiiitt hbbRVAR α  
 
bij: Property stocks —Macroeconomic variables (represented by principal components) 
bi1—P1   bi2—P2  bi3—P3    
b*mw: Market portfolio—Macroeconomic variables (represented by principal components) 
b*m1—P1   b*m2—P2  b*m3—P3    
 
(2)Numbers in the parentheses are P values 
(3)*** at 1% significance level **at 5% significance level * at 10% significance level 
 
 
For all the three Asian markets, coefficient estimates for the first principal component (bi1) are 
positively significant at the 1% level, while for UK it is significant at the 10% level. The 
magnitude of bi1 varies across the four markets. The estimated coefficient is found to be 
relatively larger in Singapore than that of the other three markets. According to Table 5.5, bi1 
for Singapore is more than three times as large as that of Hong Kong, and even four times as 
that of Japan and UK. Hence the impact of the first principal component on Singapore 
property stock excess returns is higher than that of Hong Kong, Japan and UK. The second 
principal component is found positively related to the excess returns too. bi2 is a measure of 
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the positive relationship. In three markets, the positive impact of the second principal 
component on the property stock excess returns is statistically significant at the 1% level 
(Hong Kong) and 5% level (Japan and UK) respectively. On the other hand in Singapore, bi2 
is negative but it is statistically insignificant. Lastly, the effect of the third principal 
component on excess returns varies across markets. With the exception of the estimate for 
Japan, bi3 is reported strongly significant at the 1% level for the remaining two Asian markets 
and it is different from zero at the 5% significance level for UK. The results suggest there 
exist notable linkages between the third principal component and property stock risk 
premiums in the three markets. The sign of bi3 in Hong Kong and UK is negative and it is 
positive in Singapore, which suggests the impact direction of the third principal component 
on excess returns.  
     
As the principal components are proxies for macroeconomic factors, evidence of the 
significant principal component effects equivalently provides support for explanation power 
of the macroeconomic factors. Thus, all the macroeconomic factors that highly correlated 
with the principal components should be important in explaining Hong Kong and UK 
property stock excess returns. In Japan, exchange rate appears to have no effect on the excess 
returns of property stocks. And in Singapore, it seems that interest rate has no significant 
predictive power for the contemporaneous excess returns.  
 
The results in Table 5.2 and Table 5.5 are merged to form Table 5.6 in order to identify the 
more direct relationships between macroeconomic factors and excess returns. This table 
concludes the importance and sign of the macroeconomic factor effects and hence reveals the 
relationships more clearly and straightforwardly.  
 
As shown in Table 5.6, economic growth (GDPG) and industrial production growth (INDPG) 
both predict positive excess returns for property stocks in all the four markets. However, the 
impacts of other macroeconomic factors vary across markets. In Hong Kong, all the four 
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financial and money market indicators are important determinants of the excess returns on 
property stocks. Whilst unexpected inflation and interest rate are related positively to the 
excess returns, money supply growth and exchange rate fluctuations are linked negatively to 
the property stock excess returns. In Japan case, excess returns on property stocks response 
negatively to unexpected inflation. Interest rate and money supply growth positively affect the 
excess returns of Japanese property stocks. Exchange rate change, which is a predictor of the 
third principal component, is not an important factor for explaining excess returns due to the 
insignificance of the third principal component. Property stock excess return in Singapore is 
found positively driven by unexpected inflation and exchange rate changes. But the negative 
relationship between the property stock excess returns and interest rate is insignificant. For 
UK property stocks, directions of macroeconomic effects on the excess returns are almost 
similar to that in Hong Kong market. Table 5.6 clearly shows that there are positive 
relationships between the excess return of UK property stocks and the financial market 
indicators such as unexpected inflation and interest rate. Fluctuation in currency appreciation 
or depreciation is also an important predictor and negatively affects on the property stock 
excess returns in UK.  
 
To some extent, report from Table 5.6 confirms the expected relationships between the 
macroeconomic factors and the excess returns on property stocks, which has been presented 
in Table 4.329. Firstly, growth of GDP and industrial production growth predict significantly 
higher excess returns. This is not surprising because the higher growth in economy and the 
rising level of national production output would lead to stronger stock market performance, of 
which property stock market is a part of it. The predictive powers of the two factors appear 
especially important in the three Asian markets. The developing markets of Hong Kong and 
Singapore have experienced a high-growth period in 1990s; Japan GDP is a leading value 
around the world and is such an important indicator in its economy.  
 
                                                 
29 Please refer to Chapter 4—“Data and Methodology”, Section 4.2.3. 
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Table 5.6   Macroeconomic Factor Relations with Property Stock Excess Returns 
Country Macroeconomic factors 
Related Principal 
Components 
Relationship with Excess Returns 
of Property Stocks 
   Sign Importance 
GDPG P1 (***) + √ 
INDPG P1 (***) + √ 
UINFL P1 (***) + √ 
INTR P2 (***) + √ 
M2G P3 (***) - √ 
Hong Kong 
XCHG P2 (***) - √ 
GDPG P1 (***) + √ 
INDPG P2 (**) + √ 
UINFL P2 (**) - √ 
INTR P1 (***) + √ 
M2G P1 (***) + √ 
Japan 
XCHG P3 +  
GDPG P1 (***) + √ 
INDPG P3 (**) + √ 
UINFL P1 (***) + √ 
INTR P2 -  
Singapore 
XCHG P3 (**) + √ 
GDPG P1 (*) + √ 
INDPG P2 (**) + √ 
UINFL P1 (*) + √ 
INTR P1 (*) + √ 
United Kingdom 
XCHG P3 (**) - √ 
Notes:  
(1) GDPG (Growth in Gross Domestic Product)   
      INDPG (Industrial Production Growth)     
     UINFL (Unexpected Inflation)    
     INTR (Interest Rate)    
     M2G (Money Supply Growth)    
     EXCHG (Change in Exchange Rate) 
P1, P2 and P3 are principal components. 
 
(2)* in the parentheses represents the significance level of the estimated coefficients on the principal 
components ( *** at 1% significance level** at 5% significance level *at 10% significance level). 
 
(3)+/- represents the sign of macroeconomic factors, and √ means importance of the factors. 
 
 
Secondly, results for the financial and money market drives are not stable across the four 
markets. There exists inconsistency in the impacts of unexpected inflation, interest rate, 
money supply growth and exchange rate changes on the property stock excess returns across 
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various markets. However, the inconsistency in the sign of these macroeconomic factor 
effects is to be expected from the economic rationale and is supported by empirical evidence30. 
For example, Lizieri and Satchell (1997) conclude that interest rate influence on property 
company share prices differs in high interest rate and low interest rate regimes; their findings 
may provide a base for the explanation of the varying interest rate impacts on property stock 
returns across markets in this research. Our estimated result of the insignificant relationship 
between interest rate and excess returns on property stocks is in line with the findings of Li 
and Wang (1995) and Mueller and Pauley (1995). 
 
 
5.4.2   Macroeconomic Risk Impacts  
 
Table 5.7 presents a summary to show how the various conditional variance and covariance 
terms of the principal components are related to the first and second conditional moment of 
the excess returns on property stocks. By doing so, the linkages of the macroeconomic risk 
(conditional volatilities of macroeconomic factors) and the expected property stock excess 
returns and the conditional variance of the excess returns are to be found in the four markets. 
 
Table 5.7 Links between Macroeconomic risk and the Expected Property Stock Excess 
Returns and the Conditional Variance of Excess Returns   
 
Conditional Variance and Covariance Term Et-1 (Rit) Vart-1 (Rit) 
P1cv Conditional Variance (P1) bi1× b*m1 bi1^2  
P2cv Conditional Variance (P2) bi2× b*m2 bi2^2 
P3cv Conditional Variance (P3) bi3× b*m3 bi3^2  
P1P2cv Conditional Covariance (P1,P2) bi1× b*m2+ bi2× b*m1 2(bi1× bi2) 
P1P3cv Conditional Covariance (P1,P3) bi1× b*m3+ bi3× b*m1 2(bi1× bi3) 
P2P3cv Conditional Covariance (P2,P3) bi2× b*m3+ bi3× b*m2 2(bi2× bi3) 
 
 
                                                 
30 Please refer to Chapter 4—“Data and Methodology”, Section 4.2.3—(c) to (f). 
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The fact that the estimated parameters on the third principal component (bi3) of Japan and the 
second principal component (bi2) of Singapore are insignificant immediately suggests that the 
conditional variances of the two principal components are not determinants of the expected 
excess returns of the two markets respectively. It also indicates that the two principal 
component volatilities are not sources of the conditional variances of the excess returns.  
Table 5.8 reports the coefficients linking the significant conditional variance and covariance 
terms of the principal components to the expected excess return on property stocks and the 
conditional variance of the excess return.     
 
Based on Table 5.2 and Table 5.8, Table 5.9 helps reveal the immediate relationships between 
the macroeconomic risk and the first and second conditional moment of property stock excess 
returns. Results in the Table 5.9 present a fact that the impacts of the macroeconomic risk on 
the property stock performance differ widely across various markets. 
 
An observation of the Hong Kong results is that the expected property stock excess returns 
are positively related to the conditional variances of GDP growth, industrial production 
growth, unexpected inflation and exchange rate fluctuations, and negatively correlated with 
the conditional variances of interest rate and money supply growth. In Japan, while the 
expected excess returns are negatively correlated with the conditional variances of industrial 
production growth, the returns are positively correlated with the conditional variances of the 
remaining significant macroeconomic factors. The relationships of Singapore expected 
property stock excess returns and macroeconomic conditional volatilities are exactly inverse 
findings to those of Japan. On the other hand, the noteworthy difference exists between UK 
and those Asian markets. In UK, conditional volatilities of macroeconomic factors are linked 
negatively to the expectation of the excess returns on property stocks. Additional effects on 
the expected excess returns seem to come from the conditional covariances of the 
macroeconomic factors. The effects from covariance can be observed in Table 5.8. 
Chapter Five Empirical Results and Discussion                                                                  - 101 - 
 
Macroeconomic Risk and Excess Returns on Property Stocks: Some International Evidence          
 
The results here are in line with the findings of Keim and Stambaugh (1986), Fama and 
French (1989) and Sill (1995). The expected excess returns are related to the macroeconomic 
risks and vary over time. On the other hand, our empirical results have not indicated any 
definite prediction of the relationships between the expected property stock risk premiums 
and the macroeconomic conditional volatilities. However, it is not surprising because the 
economic theory does not make unambiguous predictions about the relationships between 
asset risk premiums and the conditional volatility of state variables. The relationship can be 
increasing, decreasing or flat, depending on model parameters and the probability structure 
across different states of economy (Backus and Gregory, 1993). 
 
The conditional variances and covariances of macroeconomic factors also play a role in 
determining the conditional volatility of property stock excess returns. From Table 5.9, 
positive relationships between the conditional volatility of property stock excess returns and 
the conditional variances of most macroeconomic factors are detected. This is a similarity 
across all the four markets and it indicates that higher macroeconomic risks would generally 
lead to higher property stock market fluctuations. In addition to the similar results, a 
difference is also observed from table 5.9 between the developing markets and the developed 
countries regarding to the relationship between property stock market volatility and the 
foreign exchange rate risk.  Specifically, whilst the conditional variance of the excess returns 
is found to be positively affected by the conditional volatility of exchange rate in Japan and 
UK, the variance of returns is negatively affected by exchange rate risks in Hong Kong and 
Singapore.  The other relevant aspect here is that the conditional variance of property stock 
excess returns is also associated with conditional covariances of macroeconomic factors and 
the relationships differ across various markets. The findings are similar to those of Sill (1995), 
Liljeblom and Stenius (1997) and Kearney and Daly (1998), who also find the strong links 
between stock market volatility and macroeconomic risks using UK, Finnish and Australia 
data respectively.  
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Table 5.8   Estimated Coefficients on Significant Conditional Variance and Covariance Terms of the Principal Components  
Country Conditional Variance and Covariance Term Et-1 (Rit) Vart-1 (Rit) 
P1cv  Conditional Variance(P1) Conditional Variance (GDPG, INDPG, INFL) 0.0032 0.0016 
P2cv Conditional Variance(P2) Conditional Variance (INTR, XCHG) -0.0242 0.0038 
P3cv Conditional Variance(P3) Conditional Variance (M2G) -0.0023 0.0004 
P1P2cv Conditional Covariance(P1,P2) Conditional Covariance (GDPG, INDPG, UINFL, INTR, XCHG) -0.0109 0.0050 
P1P3cv Conditional Covariance(P1,P3) Conditional Covariance (GDPG, INDPG, UINFL, M2G) 0.0029 -0.0017 
Hong Kong 
P2P3cv  Conditional Covariance(P2,P3) Conditional Covariance (INTR, XCHG, M2G) 0.0151 -0.0026 
P1cv  Conditional Variance(P1) Conditional Variance (GDPG, INTR, M2G) 0.0033 0.0011 
P2cv  Conditional Variance(P2) Conditional Variance (INDPG, UINFL) -0.0167 0.0036 Japan 
P1P2cv Conditional Covariance(P1,P2) Conditional Covariance (GDPG, INTR, M2G, INDPG, UINFL) -0.0031 0.0039 
P1cv  Conditional Variance(P1) Conditional Variance (GDPG, UINFL) -0.0529 0.0200 
P3cv  Conditional Variance(P3) Conditional Variance (INDPG, XCHG) 0.0106 0.0041 Singapore 
P1P3cv Conditional Covariance(P1,P3) Conditional Covariance (GDPG, UINFL, INDPG, XCHG) -0.0009 0.0182 
P1cv Conditional Variance(P1) Conditional Variance (GDPG, UINFL, INTR) -0.0001 0.0011 
P2cv Conditional Variance(P2) Conditional Variance (INDPG) -0.0065 0.0018 
P3cv Conditional Variance(P3) Conditional Variance (XCHG) -0.0061 0.0057 
P1P2cv Conditional Covariance(P1,P2) Conditional Covariance (GDPG, UINFL, INTR, INDPG) -0.0051 0.0028 
P1P3cv Conditional Covariance(P1,P3) Conditional Covariance (GDPG, UINFL, INTR, XCHG) 0.0030 -0.0049 
United Kingdom 
P2P3cv  Conditional Covariance(P2,P3) Conditional Covariance (INDPG, XCHG) 0.0149 -0.0065 
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Table 5.9   Relationship of Macroeconomic Risk and Expected Property Stock Excess Returns and Conditional Variances of Excess Returns   
   Country  Macroeconomic Risks Relationship of Macroeconomic Variables with Principal Components 
Relationship of Macroeconomic Risk with Expected Excess 
Returns and Conditional Variances of Excess Returns  
 Et-1 (Rit) Vart-1 (Rit) 
Conditional Variance of GDPG P1 (+) + + 
Conditional Variance of INDPG P1 (+) + + 
Conditional Variance of UINFL P1 (+) + + 
Conditional Variance of INTR P2 (+) - + 
Conditional Variance of M2G P3 (+) - + 
Hong Kong 
Conditional Variance of XCHG P2 (-) + - 
Conditional Variance of GDPG P1 (+) + + 
Conditional Variance of INDPG P2 (+) - + 
Conditional Variance of UINFL P2 (-) + - 
Conditional Variance of INTR P1 (+) + + 
Japan 
Conditional Variance of M2G P1 (+) + + 
Conditional Variance of GDPG P1 (+) - + 
Conditional Variance of INDPG P3 (+) + + 
Conditional Variance of UINFL P1 (+) - + Singapore 
Conditional Variance of XCHG P3 (-) - - 
Conditional Variance of GDPG P1 (+) - + 
Conditional Variance of INDPG P2 (+) - + 
Conditional Variance of UINFL P1 (+) - + 
Conditional Variance of INTR P1 (+) - + 
United Kingdom 
Conditional Variance of XCHG P3 (+) - + 
Notes:  
GDPG (Growth in Gross Domestic Product)   
INDPG (Industrial Production Growth)     
UINFL (Unexpected Inflation)    
INTR (Interest Rate)    
M2G (Money Supply Growth)    
EXCHG (Change in Exchange Rate) 
P1, P2 and P3 are principal components. 
+/- represents the sign of relations of macroeconomic risks and expected excess returns and conditional variances of excess returns. 
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5.5   Implication of findings 
 
The empirical results reveal the significant influences of macroeconomy on the four property 
stock markets. This implements the asset pricing literature of those conventional assets such as 
stocks and bonds and physical real estate. By uncovering the relationships between property 
stock and macroeconomy, investors are able to understand the dynamics of property stock 
market behavior in the context of macroeconomic conditions. Being aware of the 
macroeconomic impacts on the excess returns, property stock investors would be more 
knowledgeable and hence take more rational actions. Even though information in physical 
property market can be used to predict some fluctuations in property stock returns, the 
prediction could be lagged and even inaccurate when there is low correlation between the two 
markets. Investors need information sooner rather than later on expectation of the property 
stock performance to make prudent investment decisions. Findings of this research therefore 
provide a useful tool for property stock investors.    
 
The six chosen macroeconomic variables used in this research provide a good description of 
general economic and financial market condition. Considerations of these macroeconomic 
indicators are on the base of empirical evidence from previous studies and general economic 
rationales. In all the four markets studied, the evidence shows most of these economic 
indicators do play significant role in explaining the expected excess returns and conditional 
variance of the returns over the study period. It means that consideration of the macroeconomy 
is important for the investors to better expect property stock market conditions and to design 
useful strategies to hedge macroeconomic risk. In the meanwhile, the findings of this research 
may help policy makers influence the property stock markets through the use of 
macroeconomic policies. The ability of macroeconomic policy to regulate the property stock 
market is rooted in the facts that the policy makers are able to expect future market conditions 
accurately through using current economic information and that they use policy in correct 
directions for purpose of influencing property stocks. Hence, the empirical evidence of this 
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research respectively suggests a particular way to regulate each of the four property stock 
markets. This is hopefully useful in Asian markets where such literature is lacked.           
 
In addition, the influences of the macroeconomic conditions on property stock expected excess 
returns do vary across the four economies. This finding indicates a notion that investors can 
broadly diversify their investment geographically. With accurate expectation of return-risk 
profile in various economies, property stock investors are able to design risk-diversified 
portfolios across markets. On the other hand, real estate investors may design mixed asset 
portfolios across various property types in the case that the securitized real estate and 
unsecuritized real estate behave differently in particular macroeconomic conditions. Overall, 
the finding is useful to international investors and portfolio managers especially those who are 
keen in investments in Asian property stock markets such as Hong Kong, Japan and Singapore. 
 
 
5.6   Summary 
 
This chapter provides empirical results from the PCA, GARCH (1,1) models and the final 
GMM estimation. Then, some implications from the results are discussed. The findings 
contribute to property stock studies and asset pricing literature. Next chapter will conclude the 
full study.  
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CHAPTER SIX   SUMMARY AND CONCLUSIONS 
 
 
6.1   Summary of Main Findings 
 
This study aims to investigate the relationships between the expected risk premium on property 
stocks and major macroeconomic risks as reflected in the general business conditions. Hong 
Kong, Japan, Singapore, and UK markets are examined by a system of two equations that is 
constructed to link the expected excess returns of property stocks and the conditional variances 
of property stock excess returns to the macroeconomic conditional volatilities. In general, the 
final results suggest that the expected risk premiums on property stocks of the four markets are 
time varying and dynamically linked to the conditional volatilities of the macroeconomic 
factors. In addition, the conditional variance of property stock excess returns is also time 
varying and related in a predictable way to the conditional variances and covariances of the 
macroeconomic factors.     
 
More specifically, there are several noteworthy major points in this research. First, results from 
GARCH (1,1) models suggest that the conditional variances of the principal components are 
time varying. As the principal components represent the macroeconomic variables, the results 
hence indicate that the conditional volatilities of the macroeconomic variables, or equivalently 
the macroeconomic risks, are time varying in all the four markets. 
 
Secondly, GMM estimates confirm the hypothesized relationship in Table 4.3 about how the 
excess returns on property stocks respond to the macroeconomic factors. In general, significant 
evidence is found in all the four markets. The empirical results indicate excess returns on 
property stocks are positively related with economic growth and industrial production growth, 
while estimated relationship between the property stock excess returns and the money and 
financial market indicators are not stable across the four economies. In addition, the expected 
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risk premium of property stocks is time varying when it is related to the time varying 
macroeconomic risk. There is no consensus on the influence of macroeconomic risk on the 
property stock expected excess returns across the four markets and this would provide very 
useful implications for the international portfolio investors. On the other hand, a similar pattern 
is found in the relationship between conditional variance of property stock excess returns and 
macroeconomic conditional volatilities across the four markets. The finding is that a higher 
conditional variance of property stock excess returns is generally associated with a more 
volatile macroeconomic environment. This result is also meaningful for the property stock 
investors to predict the their investment risks by the way of expecting the macroeconomic 
conditions. 
  
This study enhances the investors’ knowledge on the properties of return and risk profile on 
property stocks in various macroeconomic conditions. This would help international investors 
to price this investment instrument accurately, and to design diversified mixed asset portfolios 
or portfolios across markets. Consideration of those money and financial market indicators in 
this study, for example, the unexpected inflation and the interest rate as well as exchange rate, 
is important for the investors to make better expectations, design optimal strategies, and seek 
for appropriate financial tools to hedge the risk in different markets.  
 
 
6.2   Limitations of the Research 
 
This empirical research is not without its limitations. Specific attributes of the three Asian 
markets examined here may contribute to the significant empirical results. Compared to other 
emerging markets in Asian, Hong Kong, Japan and Singapore are well-developed economies. 
Since the features of various markets are different, we are not able to detect the 
macroeconomic influences on property stock market of the economic environment that is 
widely different from the Hong Kong, Japan and Singapore. In addition, this study has not 
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exhausted the effects of all documented macroeconomic variables (for examples, the term 
structure of interest rate, consumption, unemployment, oil prices etc) on property stock 
markets due to lack of sufficiently long historical data series in the four markets especially in 
the developing markets of Hong Kong and Singapore. 
 
 
6.3   Recommendation for Further Research 
 
This study is expected to provide some indications for further research. More markets should 
be examined in further studies. Different methodology, study period, and market conditions 
would generate different results and provide more evidence for comparison. Evidence in 
various countries and different economic condition periods would be useful for better 
understanding mechanism of property stock markets, either in academics or practices. 
Additionally, different data frequency especially quarterly data can be tried. Similarly, this will 
provide some comparative evidence. Finally, further study can embark on exploring the 
relationship between macroeconomic risk and property stock excess returns by using other 
country specific macroeconomic variables or extending the research by using global factors. 
Since many Asian developing markets are influenced by particular institutional factors, further 
research can include these factors into the variable set. 
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Appendix I   Definition of Heteroskedasticity and ARCH Effect 
 
A time series with a constant variance is called homoskedasticity. In contrast to this term, 
heteroskedasticity describes the fact that the series do not have a constant mean and variance. 
Generally, a data series is called to have heteroskedasticity if it exhibits trend or variant 
variance. It is unlikely that economic and financial data series are homoskedastic, and hence, it 
is necessary and helpful to employ the ARCH family on such time series.   
 
Classical linear models assume that the variance of the disturbances is constant. That is an 
assumption of homoskedasticity. To illustrate this assumption, suppose a classical linear model 
can be written as follow: 
 
ttt XY εθ +=  
 
where Y  is the dependent variable, X  is a vector of explanatory variables, and t t tε  is error 
term. Then according to the assumption, VAR )( tε should be constant over time. In reality, 
however, the errors of economic and financial time series seldom have a constant variance. If 
the residuals were plotted against any one of the explanatory variables, there would be a trend 
in the residuals. That means the variance of the error term is varying. Recalling that this 
phenomenon is called heteroskedasticity, also, it is known as “ARCH effect”.  
  
There are two tests available for testing the ARCH effects in the residuals. The first test is to 
check Ljung-Box Q-statistics of the squared residual series. Rejecting the null hypothesis that 
the series are serially uncorrelated is equivalent to rejecting the null hypothesis of no 
ARCH effects. The other is the ARCH Lagrange multiplier test of Engle (1982). It can be 
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Much like a usual F test, the null hypothesis of no ARCH effects will not be rejected if the LM 
test statistics provides evidence that  through a are jointly equal to zero. 1a q
 
It is clearly evident that estimation would be inaccurate if the conventional econometric model 
is used but the assumption of homoskedasticity is deviated. In such a situation, the standard 
error estimates could be wrong. ARCH and GARCH models help to model the tendency of the 
movements in the disturbances. This is one of the reasons why ARCH and GARCH models are 
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Appendix II   GMM Assumption for Identification 
 
The assumption of orthogonality conditions is the basic idea to construct the coefficient 
identification functions. The identification function can be derived from rewriting the 






























































































 if L is the element of jβ  vector. 
 
So the orthogonality conditions are ( )[ ] 0; =βiwgE . Then coefficients will be identified if 
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Appendix III   GMM Assumption for Asymptotic Normality 
 
To ensure asymptotic normality, g  is assumed to be a martingale difference sequence, and i
( )'ii ggE  is nonsingular. Here, ( )'iE i gg  can be extended as the following matrix structure 
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